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Secretaries I  Prof.  Gteorge  Gtebriel  Stokes,  M.A.,  D.CL.,  LL J). 

1  Prof.  Thomas  Henry  Huxley,  LL.D. 

Foreign  Secretary. — Prof.  "William  HaUowes  Miller,  M.A.,  LL.D. 

Other  Members  of  the  Council. — G^rge  James  Allman,  M.D. ;  Sir  B.  C. 
Brodie,  Bart,  M.A.,  D.CX. ;  George  Busk,  F.E.C.S. ;  Prof.  Eobert  Bel- 
lamy Clifton,  M.A. ;  James  Fergusson,  D.CL. ;  Thomas  Archer  Hirst, 
Ph.D.;  J. Dalton  Hooker,  C.B.,D.C.L.,  LL.D.;  Joseph  Prestwich, F.G.S.; 
Bear- Admiral  G.  H.  Eichards,  C.B.;  Prof.  H.  Enfield  Eoscoe,  B.A., 
Ph.D. ;  PbiHp  Lutley  Sclater,  M.A. ;  William  Sharpey,  M.D.,  LL.D. ; 
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The  following  communications  were  read  : — 
roz,  xxT,  -B 


Dr.  A.  Eattray  on  the  Effects  o 


[Nov.  21, 


I.  "Further  Experiments  on  tlie  more  important  Physiological 
Changes  induced  in  the  Human  Economy  by  change  of 
Climate."  By  Alexander  RATxaAV,  M.D,  (Edinb.},  Sm^eon 
R.N.,  H.M.S.  'Britannia.'  Commumcated  by  G.  BcfiK, 
F.R.S.  Received  July  I,  1872. 
The  following  obaeirationa  were  mode  in  1871,  during  a  passage  from 

England  to  the  Cape  o£  Good  Hope  and  back,  to  verify  and  extend  thoBo 

published  in  the  '  Proceedings  '  of  this  Society  for  1869-70-71. 
I.   The  EfM  of  Trojiiml  CUmaie  on  the  Rtsp^mtlon. 

TiiJLE  I.  To  show  : — Fii-st,  that  in  four  healthy  adults  the  spirometric 
measurement  of  the  lungs  gradually  rose  and  fell  four  times  suc- 
cessively in  migrating  between  tropical  and  temperate  climates,  and 
we  may  therefore  conclude  that  it  invariably  does  so  ;  $eco7id,  that 
the  second  rise  and  fall  are  the  greater,  partly  owing  to  an 
increased  range  of  temperature  (3°  F.),  but  chiefly  to  the  freer 
respiratory  action  of  the  skin*. 
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The  tropico-temperate  spirometric  range  varied  in  these  from  10  to  31, 
average  23  cubic  inches  ;  i.e.  from  4|  to  II,  average  8-7  per  cent,  of  the 
spirometric  measurement  of  the  lungs.  The  range  might  have  been 
greater  had  the  thermometric  range  been  so ;  bnt  it  donbtless  has  its 
healthy  physiological  limits.  The  tropico-Mgid  spirometric  range  is 
probably  not  much  higher,  as  the  bodily  temperature  in  cold  regions  is 
usually  maintained  by  food,  fires,  &c.  at  about  the  same  standard  as  in 
the  temperate  zone.  This  altered  spirometric  measurement  is  permanent, 
*'.  t.  lasts  as  long  as  the  residence  in  the  new  sone. 

*  Tbi*  uid  nibaequent  facta  appear  to  warrant  a  oondasion  fonnerl;  enpnuaad,  rii. 
that  one  eSbct  of  frequent  change  of  climate  ie  to  iacrcaw,  within  oerioin  bounds,  tba 
rimriout  capmluUtim  ofeamling  o^us. 
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Table  11,  shows: — Mnt.  That  this  UwprevMlH  between  the  ages  of  14^ 
and  62,  and  therefore  doubtless  at  all  ages. 

Second.  That  the  rise  and  fall  are  greatest  at  the  prime,  and  decrease 
towards  either  extreme  of  life. 

Third.  That  at  all  ages,  and  for  the  same  reason,  the  rise  and  fall  are 
greatest  in  those  of  largest  frame  and  most  full-bboded. 

Fnulh,  That  for  the  same  reason  this  rise  and  fall  are  greater,  OElerU 
pariinu,  abore  than  under  puberty  (marked  *),  and  subsequentlj  in- 
crease with  the  growth  of  the  frame. 

I^fih.  That  the  normal  expansion  of  the  lungs  and  chest  from  growth 
onlf  lessens  slightly  the  spirometric  reduction  onder  cold,  which  often 
falls  below  its  original  standard. 

<Surt&.  That  after  mid  age  the  rise  and  fall,  like  the  spirometric  measure- 
ment iteelf,  diminish  with  the  progressiTe  decay  of  the  frame  (cases  68 
to  73). 

SevatA.  That  in  extreme  old  age  (case  74)  the  shriTelling  and  less 
Taecnlar  longs,  skin,  body,  HiminiahiTig  cheat  (cases  68,  71),  respiratory 
and  circulatory  fundjons  lessen  and  finally  counterbalance  the  law. 

EighA.  That  obesity,  i.  e.  an  increased  bulk  of  body,  does  not  interfere 
with  tiie  last-mentioned  effect  of  advaDdng  age  (case  69). 

SiiUh.  That  the  rise  and  fall  are  not  materially  interfered  with  by  an 
ordinary  catarrh  (case  55)  or  asthma  (case  56). 

The  only  exceptions  to  the  hiw  among  the  47  cadets  were  (case  16)  a 
enspiciouB  cheet,  which  gave  no  primary  increase  under  heat ;  and  case 
41,  which,  instead  of  decreasing  under  cold,  increased  by  4  cubic  inches 
by  unusually  rapid  chest  expansion  from  growth. 
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Table  III.  shows  that,  as  with  latitude,  change  of  altitude, 
».  e.  temperature,  causes  a  rise  and  fall  in  the  spirometric  measurement. 


Place  &0. 

Spirometric  measure- 
ment of  lungs. 

A.  B.,  let  40. 
Afloension. 
Lat8°S. 

• 

r  Aug.  14.  Leyel  of  Sea.          Temp.  75®  P. ... 

Aug.  14.  Qreen  Mountain    Temp.  67^ F. ... 

(2000  feet  high). 
^Aug.  15.                 „             Temp.  65°  F. ... 

cubic  inches. 
266 

249 
143 

This  gives  a  difference  of  18  cubic  inches  from  a  10®  F.  reduction  of 
temperature.  Summer  heat  and  winter  cold  in  temperate  latitudes,  and 
also  the  atmosphere  of  artificially  heated  or  cooled  rooms  or  wards,  have 
corresponding  results. 

That  this  spirometric  law  of  climate  has  little  except  perhaps  a  secon- 
dary and  minor  connexion  with  an  increase  or  decrease  in  the  capacity 
of  the  bony  chest  is  shown  : — 

1st.  By  the  usual  absence  of  any  change  in  the  circumference  of  the 
adult  chest  when  the  rise  and  fall  are  greatest  (Table  I.,  cases  1  and  2). 

2nd.  By  the  slight  interference  of  growth  of  chest  with  the  manifes- 
tations of  the  law,  both  in  the  adult  (Table  I.,  cases  3  and  4),  and 
especially  the  cadets  (Table  11.,  cases  1  to  47)  and  junior  officers 
(Table  U.,  cases  48  to  60). 

The  spirometric  measurement  of  the  lungs  is  probably  occasionally  in- 
creased by  actual  chest  expansion  when  an  increased  respiratory  function 
is  suddenly  required  in  health  or  disease.  But  this  is  exceptional ;  and 
in  emergencies,  in  cold  and  warm  climates  alike,  this  result  is  usually 
effected  in  a  more  natural  and  easier  way,  viz.  by  increasing  the  frequency 
of  the  respiration. 

The  only  theory  that  will  satisfactorily  explain  this  tropical  increase  in 
the  spirometric  measurement  of  the  lungs,  with  its  peculiarities,  and 
correlate  it  with  other  apparently  opposed  respiratory  phenomena,  such 
as  slower  and  gentler  inspiration,  and  also  the  post  mortem  lightness  of 
the  lungs  observed  by  Francis  and  Parkes,  is  that  it  arises  not  from  en- 
largement of  the  chest,  but  merely  from  a  change  in  the  relative  quantity 
of  blood  and  air  in  the  lungs.  The  law  of  the  lungs  is  merely  a  sequel 
of  the  greater  law  of  the  circulation,  by  which  the  entire  blood-current 
18  redistributed,  and  either  attracted  surfaceward  by  heat  or  driven 
inward  by  cold.  The  lungs,  unaltered  in  size,  contain  less  blood,  actually 
and  relatively,  and  more  air  in  the  tropics ;  they  are  less  vascular,  but 
more  inflated.  The  oscillation  in  the  relative  proportion  of  blood  and 
air  follows  an  inverse  ratio,  the  one  rising,  for  an  obvious  reason,  as  the 
other  falls.  It  is  the  rise  or  fall  in  the  air,  and  not  m  ftxeXiXoofti^^XasSsi 
corresponds  with  the  rise  and  fall  of  temperature.    ^\wA  \a  ^<&  ^^- 
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placing,  and  air  the  displaced  agent.  It  is  in  the  blood  that  the  fluc- 
tuation originates:  when  heat  attracts  this  surfacewards,  the  amount 
drawn  from  the  lungs  is  replaced  by  an  equivalent  bulk  of  air ;  under  cold, 
which  repels  the  blood  inward,  the  air  is  again  displaced  by  an  equivalent 
of  blood*. 

Contrary  to  previous  conviction,  based  on  limited  experiment,  this 
variation  in  the  spirometric  measurement  of  the  lungs  is  no  index  of  the 
efPect  of  change  of  climate  on  the  ordinary  breathing.  Table  III.  shows 
that  the  latter,  instead  of  deepening  by  heat  like  the  former,  does  the 
reverse,  and  becomes  gentler.  As  part  of  the  same  general  physiological 
process,  reflection  points  to  this  as  the  more  likely  sequel,  and  reconciles 
these  apparently  conflicting  though  allied  phenomena. 

Table  IV.t 


South  temperate  zone. 

Lat.  35**. 

Temp.  54°  F. 

Tropics. 

Near  Equator. 

Temp.  82°  F. 

A..    A«f    tBtm    4*^* 

Arerage  of  12  ordinary 
respiratioiiB. 

3  ^•^'               J 

cubic  inches. 
H*54 

cubic  inches. 
13-25 

Thus  my  respirations  averaged  14^  cubic  inches  in  54°  F.,  and  only 
13|  cubic  inches  in  82**  F.,  i.  e.  less  than  1'29  cubic  inch.  So  that  even 
if  the  respirations  remained  at  15^  per  minute,  this  alone  would  reduce 
the  air  used  by  28,792  cubic  inches,  =16-66  cubic  feet,  per  day. 

Table  Y.  confirms  former  observation  that  respiration  is  slower  in 

the  tropics. 


TAt.  33°  S. 
Temp.  56°  F. 

Equator. 
Temp.  «2°F. 

1 
Lat.  53°  N. 
Temp.  54°  F. 

Arerageof  15 
minutes  at    • 

3  P.M. 

'  Battray,  fet  40   

Downer,  let  31   

[  WiUcox,  at.  20  

Averages 

No. 
16 

17 
»9 

No. 
156 
i6-6 
1 6-2 

No. 
16-5 
1 8-5 
175 

>7*3 

16*1 

-7-5 

*  This  denTatiye  action  of  heated  air  on  the  lungs  corresponds  to  that  of  other  deri- 
yatiyes,  e.  g,  a  hot  bath  increases  their  spirometric  measurement  bj  seyeral  cubic  inches ; 
so  does  a  sodorific  dose  of  Dover's  powder.  Ordinary  slow  and  prolonged  exercise  does 
the  same  bj  drawing  blood  to  the  funotionallj  active  muscles;  and  under  violent 
exercise  and  a  perspiring  skin  it  rises  from  10  to  15  cubic  indies,  even  when  the  second 
result  is  taken  in  the  evening,  when  the  reduced  temperature  should  have  lessened  it  in 
accordance  with  the  law  of  climate.  This  effect  of  exercise,  however,  is  not  so  marked 
in  the  tropics  as  in  temperate  regions. 

t  This  experiment  was  made  bj  means  of  an  easily  inflated  bladder,  from  which  the 
mtr  was  tuetuured  bj  a  gradwited  gloss  cylinder. 
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Thus  in  three  adults  it  fell  from  an  average  of  17*3  per  minute  in  56^  E. 
to  16*1  in  82**  F^  and  again  rose  to  17*5  in  63°  F.  To  dose  observation 
it  was  perceptibly  slower  and  gentler*.  However,  as  in  temperate  so  in 
warm  r^ons,  the  frequency  of  the  respiration  varies  with  the  activity 
of  the  skin,  purity  of  the  blood,  and  need  of  the  tissues  for  oxygen. 
Thus  my  tropical  respirations  ranged  from  11  to  15,  average  12*74  per 
minute ;  the  range  for  the  temperate  zone  being  13^  to  18,  average  15*68. 

These  three  well-marked  tropical  phenomena,  viz.  diminished  lung 
vascularity,  slower  respiration^  and  gentler  breathing,  are  closely  related, 
and  together  indicate  reduced  lung  work,  the  reverse  for  the  temperate 
zone  marking  an  increased  function — thus  proving  that  this  varies  with 
temperature,  as  with  age,  sex,  height,  Sec  Their  aggregate  results  vary 
with  individuals,  and  perhaps  races ;  but  the  following  is  a  fair  average 
of  the  reduction  in  the  air  respired  and  carbon  excreted : — 


Table  VI. 


Cubic  inches  of 
air  per  respi- 
ration from 
Table  IV. 

Number  of  re- 
spirations per 
minute,  from 
Table  V. 

Cubic  inches  of 
air  respired 
per  minute. 

j^-^    ( Tropict,  temp.  82®  F 

^  (  Temp,  tone,  temp.  54°  F.... 

1325 
H-54 

156 
i6-5 

195-69 1 
239-91 

Difference  per  minute  in  favour  of  a  temperate  climate    ...        44*22  cubic  inches, 
hour   .  „  265  3  20         n 

day  „  63676*80         „ 

ig'43  per  eent.=  36*85  cubic  feet|. 


Thus  239  cubic  inches  of  air  were  respired  per  minute  in  the  temperate 
zone,  against  195  cubic  inches  in  the  tropics,  =  a  difference  of  44  cubic 
inches  per  minute,  or  36' 85  cubic  feet  per  day,  =18*43  per  cent. 

Then,  taking  10  oz.  as  the  average  amount  of  carbon  thrown  off  by 
the  lungs  in  the  temperate  climate  of  England  §,  this  reduction  of  18*43 
per  cent,  gives  8*157  oz.  as  the  amount  for  the  tropics.  The  pulmonary 
excretion  of  watery  vapour  is   doubtless  correspondingly  diminished. 

*  The  experiments  further  proved  that,  like  the  circulation  (pulse),  the  respiration 
increases  towards  infancy.  Is  the  latter  function,  though  actually  less,  relatively  greater 
then  from  the  rapid  renewal  and  deoxidation  of  tissue  and  food  ? 

t  Corrected  for  heat  in  accordance  with  Dalton  and  Gay  Lussao's  law,  the  differeni^e 
here  being  27°  F. 

X  Former  calculation  (Proceedings,  June  16, 1870)  made  this  as  27*81  cubic  inches  less 
of  air  per  minute,  =10*9  per  cent.  =  minus  1*1028  oz.  of  carbon  per  day.  But  this 
was  based  on  limited  data,  in  which  the  respiration  was  inaccurately  fixed,  and  its 
depth  calculated  not  from  direct  obserration,  but  from  the  increased  spirometric 
measurement  of  the  lungs. 

g  Mean  of  three  estimates  by  Laroisier  and  Seguin,  Da^y ,  m\^  X^ctv  wcv^^^^S'*'* 
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But  this  and  the  1*843  os.  less  carbon  are  perhaps  partly  excreted  by  the 
Tieariously  active  skin  and  liver ;  but  how  £ar  has  yet  to  be  determined. 
But  it  must  be  remembered  that  less  carbon  has  aanally  to  be  eliminated 
in  the  tropics,  both  from  the  reduced  and  often  altered  ingeata,  and 
lessened  brain  and  body-tissue  waste. 

U.  The  Effect  of  Tropical  CUmaU  on  the  Bodily  Devehpmeni. 

The  following  experiments  prove  that  tropical  cfimate,  per  we^  inter- 
feres with  the  normal  growth  of  the  body.  During  the  voyage  forty-eight 
cadets,  of  the  impressionable  age  of  14|  to  17,  were  weighed  and 
measured  in  height  six  times  at  intervals  of  sixty  days,  ».  e,  after  fbur 
successive  changes  of  climate,  their  diet  being  abundant,  fresh,  and 
healthy.  If  lads  stop  gro\iing,  and  still  more  if  they  lose  flesh,  it  provea 
that  some  unhealthy  influence  is  at  work. 

Table  VII.  shows : — Firsts  that  tropical  heat  interferes  much  with  the 
bodily  growth  and  development,  as  indicated  by  the  weighty  retarding 
it  iu  most,  and  stopping  it  in  some ;  second^  that  temperate  dimates 
have  an  opposite  influence ;  thirds  that  a  second  exposure  to  heat 
increases  its  wastrng  effect,  and  also  lessens  the  subsequent  bnilding- 
up  results  of  cold. 


£zp. 


I. 

2. 


4- 
5- 


Gsin 
in  weight 


I        Steta( 


I 


in  weig 


lonaiT 
'eiffhi. 


Per  oent 


Arerage 
nin.    I  Per  oent 
lb..    . 


6*35 


Effect  of  heat :  6o  days  in  the  1  -     ,    ,         „ 

tropics,  temp.  yo^-Si^F..../'  S^*"    \  3'8» 
Effect  of  cold:  6odayg  in  theS.  1  ! 

Temp.Zoue,temp.55*»-7o'*F.  J  "  9375 
EffectofA«i^:  eodaysin  thel  | 

tropics,  temp.  7o°-82°  F.    j|    *''? 
Bffoct  of  cold :  6o  days  in  the  |  i  -^    1 

N.Temp.Zone.temp.52^-7o°;i  ^^*9^    '  4'o 
Bffect  of  cold:  6o  days  in  the  1  '         ^ 

N.Temp.Zone,temp.32'*-5o«  j    93'48 


2'0 


59 » 


1458 
6*25 

2'17 

6*52 
6*52 


lU. 


in  wei^it. 


Peroeat 


29*16 


9566 


llM. 


I 


307 


461 


I" 


6-52    I  x*o 


The  effect  of  climate  on  growth  m  height  is  somewhat  different.  Aa 
a  rule  this  should  be  regular,  though  oftener,  so  to  speak,  per  fobum, 
than  with  weight. 
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Table  VXtl.  shows : — ^rtt,  that  tropical  are  more  faTourable  to  growth 
in  height  than  temperate  climates ;  wamd,  that  the  influence  of 
both  b  more  decided  on  a  second  than  a  first  exposure. 


Kip. 

inhSJht 

1  ^fflffi 

,.^. 

1 

J- 

4- 

Elbct  at  heat:  6a  dan  in  the  tropica,  temp. 

7o'-gi»F. 

BObot  t^roU:  eocUjj  in  theS.Taaip.  Zona, 

68-75 
46-gl 
69S7 
41-31 

0-41 

3"-»S 
j  53-'9 

58-69 
7609 

Eflect  ot  heal:  6a  dan  in  the  tropica,  temp. 

EffisotofeoU:  6od>r»iD thflN.Temp.ZoDe, \ 

temp,  sjo-yoop.   J" 

BKNtofcoM:  6c  cU^a  in  the  N.  Tamp.  Zona, 

As  heat  thus  makes  the  young  shoot  rapidly,  it  might  be  deemed 
bvourable  to  the  bodily  development ;  but  as  the  results  are  so  different 
from  thoee  in  Table  VII,,  they  cannot  be  taken  as  a  true  index  of  the 
healthiness  of  tropical  climates,  and  moat  be  studied  with  those  of  weight. 

An  increasing  weight,  with  either  an  increasing  (Table  IX.  col.  I)  or 
even  stationary  height  (col.  2),  is  a  healthy  sign ;  but  if  youths  who 
should  be  growing  in  weight  and  height  remain  stationary  (col,  3),  or 
remain  of  the  same  height  but  lose  weight  (col.  4),  or  even  grow  in  height 
while  weight  does  not  increase  (col.  6),  and  still  more  if  height  increases 
while  weight  loses  (col.  6),  their  physique  must  be  deteriorating. 

Taslb  IX.,  with  its  two  columns  of  averages  contrasting  these  favourable 
and  unfavourable  signs,  gives  results  similar  to  Table  VXI. ;  and 
shows : — -Jirtt,  that  tropic  heat  is  un&vourable  to  the  bodily  develop- 
ment ;  Mtond,  that  cold  climates  are  favourable  to  it ;  third,  that 
the  impairing  effect  of  a  second  is  greater  than  that  of  a  first  ex- 
posure to  heat ;  fourth,  that  each  successive  exposure  to  heat  lessens 
still  further  the  bracing  infiuence  of  cold. 


RIteat  oC  heat :  fia  daja  in  the  tropics, 
temp.  yo^-Si'  F.    

Effect  of  eold  :  60  days  in  the  8. 
Temp.  Zone,  temp.  S5'-7o''  F.  ...^ 

Etrpct  0  itat :  60  dajB  in  the  tiopica, ' 
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Both  the  number  who  grew  and  the  amount  of  increase  were  thus  least 
in  the  tropics.  These  detrimental  fluctuations  necesBarily  affect  both 
body  and  brain.  If,  therefore,  we  would  produce  strong,  healthy,  long- 
lived  offioers  and  seamen,  fit  for  any  work  or  climate,  we  should  not  send 
them  unnecessarily  to  warm  regions  while  as  yet  undeveloped  lads. 

The  following  are  the  chief  results  and  inferences  of  these  experiments: — 

let.  The  primary  effect  of  great  changes  of  climatd  la  on  the  circulation, 
the  blood  bang  drawn  surfaceward  by  heat  and  driven  inward  by 
cold. 

2nd.  The  secondary  and  local  results  are  an  increase  or  decrease  in  the 
vascularity  and  function  of  the  various  tissues  and  organs  of  the 
entire  body — ^the  external  increasing  under  heat,  internal  under  cold, 
and  vice  vend. 

3rd.  Hence  in  the  tropics  the  vascularity  of  the  adult  lungs  is  reduced  by 
an  average  of  12  or  13  fluid  oe. ;  their  spirometric  measurement  by 
an  average  of  23  cubic  inches ;  their  function  by  18'43  per  cent.,  i.  e. 
the  use  of  36-85  cubic  feet  less  of  air  daily,  excretion  of  1'84  on.  less 
carboo,  and  6*  57  per  cemt.  less  of  watery  vapour. 

4th.  Hence,  also,  the  nephritic  vascularity  and  secretion  are  reduced  in 
the  tropics  by  17j  per  cent.,  and  those  of  the  skin  increased  by  24 
per  cent. 

5th.  In  unison  with  the  respiration  the  circulation  is  more  languid  in  the 
tropica,  as  indicated  by  the  reduced  (several  beats)  and  perhaps  less 
forcible  pulse. 

6th.  Notwithstanding  the  reduced  circulatory  and  respiratory  functions, 
and  increased  cutaneous  exhalation,  the  temperature  of  the  surface, 
and  perhaps  that  of  the  blood  and  body  generaUy,  rises  about  2°  F. 
under  tropical  heat. . 

7th.  The  organs  and  functions  of  animal,  like  those  of  vegetable,  life  are 
affected  by  great  changes  of  climat«, — heat  impairing  the  weight, 
strength,  and  health,  t.  e.  the  physique,  at  all  ages  and  retarding 
growth  in  youth;  while  cold  has  an  opposite  efEect. 

8th.  For  obWous  reasons  these  results  vary  with  sex,  t«mperament,  size, 
&c. ;  and  are  most  evident  in  the  adult,  decreasing  towards  either 
extreme  of  life. 

9th.  Collectively  these  changes  are  salutary,  and  meant  to  assimilate  the 
various  organs,  functions,  and  body  of  the  inhabitants  of  one  zone  to 
those  of  native  races,  to  meet  the  reqiurements  of  the  foreign  climate, 
for  which  they  are  not,  and  perhaps  never  can  be  altogether,  physio- 
logically fitted. 


1872.]  Oft  the  Respiratary  Movements  in  Man.  11 

II.  ''On  the  Mechanical  Conditions  of  the  Respiratory  Move- 
ments in  Man/'  By  Arthur  Ransome.  Communicated 
by  Dr.  Sanderson,  F.R.S.     Received  June  22, 1872. 

(Abstract.) 

The  importance  of  an  accurate  measu^rement  of  the  respiratory  move- 
ments has  been  recognized  by  numerous  physidans,  and  many  different 
methods  have  aheady  been  in  use  for  this  purpose ;  these  methods,  how- 
ever, have  hitherto  only  given  either  simply  the  gross  enlargement  of  the 
circumference  of  the  chest,  or  the  resultants  of  the  motions  of  the  dif- 
ferent points  on  the  chest-wall.  Now,  owing  to  the  shape  and  mode  of 
articulation  of  the  ribs,  the  movements  of  any  point  on  either  side  of  the 
sternum  may  take  place  in  three  planes  at  right  angles  to  one  another, 
and  need  each  to  be  recorded  separately ;  and,  owing  to  the  variations  in 
healthy  breathing,  it  is  further  important  that  all  these  movements  should 
be  measured  during  one  act  of  breathing. 

The  stethometer  used  in  the  following  inquiry  accomplished  all  these 
tasks,  and  measured  simultaneously  the  three  dimensions  of  movement 
of  any  point  on  the  chest-wall.  Graphic  representations  of  these  dimen- 
sions could  also  be  obtained. 

It  was  necessary  to  observe  forced  breathing  chiefly ;  and  it  was  noticed 
that  when  the  button  of  the  instrument  was  applied  either  to  the  middle 
of  the  sternum  or  on  the  end  of  one  of  the  sternal  ribs,  the  chief  motions 
were  forward  and  upward ;  that  the  forward  motion  was  most  equable, 
and  started  much  more  rapidly  at  first  than  the  upward  movement. 

The  earliest  portion  of  the  expansive  act  seems  to  be  accomplished  by 
an  increase  of  the  ordinary  action  of  the  diaphragm ;  then  the  chest  gra- 
dually swells  outwards  and  forwards,  the  ribs  are  raised,  commendng 
usually  at  the  lower  ribs,  the  costal  cartilages  are  straightened  out,  the 
head  and  shoulders  are  fixed,  and  the  spinal  column  is  curved  backwards. 
In  expiration  after  this  effort  the  operation  is  reversed :  variations  in 
this  action  may  be  brought  about  by  disturbing  emotions,  habit,  sugges- 
tions from  others,  or  antecedent  ideas.  Possibly,  in  consequence  of  this 
fact,  the  above  accoimt  differs  from  that  given  by  HaUer,  Sabafier,  Ma- 
jendie,  Hutchinson,  Sibson,  and  others.  Care  was  therefore  taken  to  ascer- 
tain its  correctness,  and  it  was  tested, — 1,  by  fastening  tapes  of  paper 
round  the  chest,  and  noticing  the  order  in  which  they  were  torn  on  deep 
inspiration;  2,  by  simultaneous  tracings  of  the  action  of  the  2nd  and 
5th  or  6th  ribs  made,  by  means  of  Br.  Burdon  Sanderson's  stetho-cardio- 
graph,  on  both  males  and  females.  The  curves  so  produced  were  then 
carefully  examined,  and  conclusions  drawn  from  them  as  to  the  differ- 
ences between  male  and  female  respiratory  movements.  In  the  Tables 
giving  the  dimensions  of  the  motions  of  different  points  on  the  chest  in 
healthy  adult  males,  amongst  other  facts  certain  cases  were  Tio\A.e^  m 
which  the  paraUeliam  of  the  movements  of  the  sternum  ^«i^  m\«tl«t^^ 
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with.  Traube's  observatdon  as  to  the  influence  of  the  diaphragm  on  the  lower 
end  of  the  bone  was  confirmed.  The  clavicles  were  shown  to  have  more 
upward  than  forward  motion,  and  to  move  less  than  either  sternum  or  ribs. 

The  ribs  move  upward  more  decidedly  than  the  sternum,  their  rotation 
outwards  permitting  greater  freedom.  Their  forward  push  is  very  con- 
siderable, greater  than  that  of  the  sternum,  often  equalling  or  exceeding 
their  upward  rise.  The  upper  ribs  have  sometimes  greater  forward 
thrust  than  the  lower ;  there  is  no  regular  series  in  this  respect  in  the 
different  ribs,  but,  on  the  contrary,  much  evidence  of  the  independent 
action  of  the  several  ribs. 

The  greatest  amount  of  outward  motion  takes  place  on  the  rib  about 
midway  between  the  vertebral  column  and  the  sternum. 

The  measurements  obtained  by  means  of  the  stethometer  show : — 

1.  That  the  upward  dimensions  of  the  movement  are  sufficiently 
accounted  for  by  the  upward  rise  of  the  ribs,  their  chord-length  being 
taken  as  radius,  their  vertebral  attachments  as  centres. 

It  may  be  shown  also  mathematically  that  the  curving  of  the  dorsal 
and  lumbar  regions  of  the  spine  in  natural  respiration  would  usually  in- 
terfere but  slightly  with  this  "  upward  "  reading. 

2.  The  outward  indications  are  also  probably  to  be  accounted  for  by 
the  simple  radial  rise  of  the  costal  ends  of  the  costal  cartilages,  the 
sternal  articulation  being  taken  as  centre. 

3.  The  "  forward  "  movement  is,  however,  much  more  complex.  It 
could  not  arise  from  any  simple  alteration  in  the  obliquity  of  the  ribs : — 

a.  Because  there  is  no  constant  relation  to  be  discovered  between  the 
amounts  of  "  forward  **  and  of  upward  movement ;  and  it  is  possible,  volun- 
tarily, at  one  time  to  produce  an  excess  of  forward,  at  another  of  upward 
motion. 

h.  Because  the  angles  made  by  the  ribs  with  the  spine  are  not  such  as 
to  permit  of  the  amount  of  forward  movement  recorded  by  the  stetho- 
meter. This  fact  is  proved  by  measurements  of  these  angles  as  found  in 
anatomical  drawings,  in  skeletons,  and  in  the  living  subject. 

In  the  latter  the  amount  of  forward  push  not  accounted  for  by  the 
simple  rise  of  the  rib  was  found  to  be  often  as  great  as  0*5  in.  for  the 
fifth  rib,  and  0*7  in.  for  the  third  rib.  One  example  out  of  many  of 
these  cases  is  here  given. 

Case, — ^Male,  SBt.  32.     Strong,  healthy ;  6  feet  in  height. 

Gross  diameter  over  3rd  rib 8^  in. 

Gross  diameter  over  5th  rib ^i  i^- 

Estimated  chord-length  of  the  3rd  rib  6-75  in.,  of  5th  rib . .       7*65  in. 

Angle  formed  by  the  right  3rd  rib  during  expiration 63^ 

Angle  formed  by  the  right  6th  rib  during  expiration 6r 

Inspiratory  angle  of  the  right  3rd  rib 78* 

'uapiratory  angle  of  the  right  5th  rib T5^ 


o 


1872.]  of  the  Respiratory  Movements  in  Man.  13 

Forward.  Upward. 

Calculated  motion  of  the  end  of  the  Srd  rib    61        160 

Calculated  motion  of  the  end  of  the  5th  rib    53        140 

Motion  of  the  Ribs  as  observed  with  Stethometer, 


A,  when  the  whole  back  was  supported  ] 


3rd  rib  . .   135        160 

5th  rib  . .   115        120 
B,  when  the  3rd  and  5th  vertebrsd  alone  f  3rd  rib  . .   135        160 

were  supported    \  5th  rib  . .  115        120 

Extent  of  forward  push  of  3rd  rib  not  accounted  for 0*74  in. 

Extent  of  forward  push  of  5th  rib  not  accounted  for 0-62 

4.  The  excess  of  forward  motion  is  found  not  to  be  explained  (a) 
by  the  genouAeyer  action  of  the  costal  cartilages  with  the  ribs,  (b)  by  the 
currature  of  the  spine,  (c)  by  the  backward  thrust  of  the  angles  of  the 
ribs. 

5.  It  may  be  concluded,  therefore,  that  the  mechanical  conditions  of  the 
thoracic  machinery  would  prevent  any  forward  motion  to  the  extent 
observed,  unless  it  was  possible  for  the  ribs  themselves  either  to  be  inbent 
or  straightened  out. 

6.  It  may  be  proved  that  the  ribs  are  capable  of  being  bent  (a)  by 
experiments  upon  freshly  separated  ribs,  (b)  upon  dead  subjects,  (c)  upon 
living  subjects,  (d)  by  pathological  facts. 

7.  The  means  by  which  an  alteration  in  the  chord-lengths  of  the  ribs 
could  be  brought  about  may  be  discovered  in  several  directions,  especially 
in  the  intrinsic  thoracic  muscles. 

8.  It  may  be  shown  that  the  hypothesis  of  either  the  straightening 
of  the  ribs  in  inspiration,  or  their  previous  inbending  in  expiration,  (a) 
accounts  for  the  extent  of  the  forward  indications  of  the  stethometer,  (b) 
their  varying  amount  in  the  same  individual  in  relation  to  the  upward 
motion,  (c)  for  the  extraordinary  extent  of  these  forward  indications  in 
women  and  young  children  as  compared  with  those  of  strong  men  and 
old  people ;  (d)  it  explains  the  comparatively  large  extent  of  forward 
movement  of  the  upper  as  compared  with  the  lower  ribs ;  (e)  it  is  sup- 
ported by  the  peculiar  stethometric  measurements  obtained  in  various 
diseases  of  the  lungs  ;  (/)  by  the  fact  that  the  excess  of  forward  move- 
ment is  found  to  increase  from  the  middle  to  the  anterior  end  of  the 
rib. 

On  the  Respiratory  Motive  Powers. — ^By  what  means  may  the  inbending 
or  straightening  of  the  ribs  be  accomplished  ? 

That  the  forces  concerned  in  respiration  are  sufficiently  powerful  is 
proved  by  several  considerations,  notably  by  Hutchinson  and  Haughton's 
calculations  of  muscular  power. 

The  purely  mechanical  forces  are  probably  not  often  brought  into 
action.    The  effect  of  the  extraordinary  or  external  muacVe^  oi  t^^^^m^ 
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tion  was  not  examined  by  means  of  the  stethometer;  but  from  Mr. 
Le  Gtos  Clark's  experiments  it  would  appear  that  they  have  but  little 
influence  in  forced  inspiration. 

With  the  intrinsic  thoracic  muscles  the  case  is  different.  It  is  pro- 
bable that,  with  the  exception  of  the  levatores  eostamm,  each  of  these 
muscles  has  some  further  power  beyond  that  of  simply  raising  or  de- 
pressing the  ribs. 

The  triangvlaris  stemi  is  more  especially  a  constrictor  of  the  anterior 
part  of  the  thorax. 

The  intercostals  have  very  various  actions  assigned  to  them ;  but  when 
all  the  evidence  of  Traube,  Sibson,  and  others  is  considered,  it  seems 
most  probable  that  the  six  upper  ribs  are  raised  by  the  external  inter- 
costals, and  depressed  by  the  internal  muscles ;  but  the  ribs  are  not  rigid 
bars,  and  hence  these  muscles  have  a  further  action  upon  them.  From 
careful  experiments  upon  a  model  with  elastic  vidcanite  ribs,  and 
elastic  bands  stretched  between  them  in  the  direction  of  (a)  the  external 
intercostals,  (6)  the  internal  intercostals,  and  (c)  with  now  the  upper  ribs 
fixed,  now  the  lower,  it  was  concluded  that  whilst  modifications  were  in- 
troduced into  their  action  by  the  last-named  condition,  yet  that  without 
doubt  the  tendency  of  the  external  intercostals  was,  1st,  to  draw  the  ribs 
upwards ;  2nd,  to  separate  their  anterior  ends ;  3rd,  to  straighten  them. 
On  the  other  hand,  the  action  of  the  internal  intercostals  was,  1st,  to 
draw  the  ribs  downwards ;  2nd,  to  bring  their  anterior  extremities  nearer 
together ;  3rd,  to  bend  them  inwards.  These  results  were  explained  by 
resolving  the  forces  of  these  muscles  in  the  directions  (a)  along  the  ribs, 
(h)  at  right  angles  to  them. 

The  diaphragm  may  also  be  considered  to  have  an  important  action  in 
bending  the  lower  ribs. 

Evidence  can  be  adduced  showing  the  value  of  the  stethometer  used  in 
these  inquiries,  both  in  physiological  studies  and  in  medical  practice. 


III.  "  On  Linear  Differential  Equations.''— No.  VI. 
By  W.  H,  L.  Russell,  P.R.S.     Received  July  80, 1872. 

We  now  consider  linear  differential  equations  which  are  satisfied  by  the 
roots  of  an  algebraical  equation  admitting  of  explicit  solution.  To  de- 
termine in  what  cases  the  linear  differential  equation 

is  satisfied  by  assuming 

when  X,  Y,  Z  are  rational  functions  of  (a?).    We  shall  commence  by 
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supposing  them  also  entire  functions  of  (x).  At  present  we  shall  confine 
ourselves  to  the  linear  differential  equation  of  the  second  order, 

The  most  general  form  of  solution  which  this  equation  will  admit  will  be 
y={X+v^rp.  For  if  we  put  y={X-|-^Tp,  we  should  have  three 
particular  int^rals  corresponding  to  the  three  cube  roots  of  Y,  n  being 
supposed  fractional. 

Substituting  in  the  proposed  equation,  we  shall  find,  after  making  some 
reductions, 

n(n-.l)P{X'+JT-hr'p-fnP{X+T*}{X"+JT-*T"-iT-«Y'*} 
+nQ{X+T*}{X'  +  JY-*T'}+E{X+T*}»=0;    .     .     .     .     (1) 

from  whence  we  have 

ii(n-l)PYX'*-f  |n(n— l)PY'»-f  nPXYX"  + JnPYY"-  ^  PY" 

+nQXYX'-f  JnQYY'+EYX»+EY»=0, (2) 

n(n-  1)PXTT+  JnPXYY"-  inPXY'*  +  «PX"Y» 

+  inQXYY'+nQX'Y"+2BXY»=0 (3) 

Let 

This  will  give  us 

X=jj-f  ^ra?,  Y=r4-a?. 

For  if  we  assumed  either  X  or  Y  to  be  of  higher  dimensions,  we 
should  obtain,  on  equating  the  coefficients  of  the  powers  of  (x)  in  2  and  3 
to  zero,  more  equations  than  the  total  number  of  constants  in  the  dif- 
ferential equation  and  assumed  solution.  The  number  of  disposable 
constants  is  eleven.  If  we  assumed  X  of  two  dimensions  or  Y  of  two 
dimensions,  we  should  have  more  than  eleven  equations. 

Now  equate  the  coefficient  of  the  highest  power  of  (x)  in  (2)  to  zero, 
and  we  have 

which  determines  n  independently  of  the  constants  in  X  and  Y. 
Similarly,  from  (3), 

n(n-l)a-^a+^4.ny'+2/3"=0. 

This  of  course  becomes  an  equation  of  condition  between  the  coefficients 
of  the  given  differential  equation,  when  we  substitute  the  value  of  (n) 
we  have  found  from  the  last  equation. 

To  determine  p,  q,  r,  we  proceed  as  follows : — In  equation  (3)  put  a? 
successively  equal  to  the  three  roots  of  the  equation 

Then  we  have  three  equations,  linear  in  ^  -r^Vy  from  which  these  auoji- 

P  P 
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titles  may  be  determined.    But  putting  x=0  in  equation  (1),  the  equa- 
tion becomes 

Hence,  subetituting  for  i-  and  r  the  values  we  have  juat  obtained,  we  have 

a  linear  equation  to  determine  j>*;  hence  jp,  q,  r  are  detennined. 

Nov,  suppose  P,  Q,  R  to  be  such  that  we  may  aaaumo 
X'^p+qx+x',  Y=m+rx+ia^ ; 
then  the  terms  of  equation  (3),  which  contain  the  two  highest  powers  of 
X,  are  linear  in  T,  or  we  may  divide  it  out  in  equating  their  coeffiaents  to 
zero.     Hence  we  may  determine  q  at  once. 

Put  for  X  successively  in  (2)  four  roots  of  the  equation  P^O ;  then  we 
have  four  equations  linear  in  p',  p,  m,  r,  *,  whence  we  have  a  quadratic 
equation  to  determine  p,  and  then  m,  r,  a  are  known.  We  have  bedde 
a  number  of  equations  of  condition. 

Now  suppose  P,  Q,  E  to  be  such  that  we  may  have 
'K=p  +  qx-\-x',  T=r  +  sa'; 
then  we  sh^  Snd  that  the  terms  which  contained  the  three  highest 
powers  of  («)  are  linear  in  T ;  consequently  p,  q,  and  therefore  X,  may 
be  determined  at  once.  X  being  known,  we  may  obtain  a  series  of 
equations  easily  by  which  the  constants  in  T  may  be  determined*.  But 
we  may  adopt  a  somewhat  different  method,  which  will  be  useful  in 
many  cases  of  this  nature.    Besuming  the  equation 

equation  (1)  shows  that  eL+(ix-\-yx''-\-ix'  must  vanish  for  every  quan- 
tity which  causes  X+^T  to  vanish,  and  equation  (3)  that  the  same 
quantity  must  also  vanish  for  every  quantity  which  causes  Y  to  vanish. 
Let 


(he  tonnt  iriiich  conbUn  the  /i  highest  powers  are  linear  in  T ;  and  tberafore 

Pif.  ...p^_i 
inn  be  detannined  at  once,  eommenciag  with  }>      j  ■ 
If 

the  (emu  which  contain  the  (fi  +  l)  higfaeotpowera  are  linear  in  Y;  and  themfnn 
DUky  b«  determined  at  onw.— W.  H.  L.  R.,  Nor.  21, 1B72. 
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Then  r  most  be  one  of  the  quantities  ^^,  /i,,  /i, ;  we  will  suppose  fi^. 
Moreover,  we  must  have 


Oenerally,  if 


or 

whence  

be  a  linear  equation,  admitting  a  solution  of  the  form 

every  quantity  which  makes  X+v  T+v^Z— . .  .to  vanish  will  make 
P  vanish;  every  quantity  which  makes  T  +v^Z+.  .  .  to  vanish  will 
make  P  vanish;  every  quantity  which  makes  Z+.  ,  .  to  vanish  will 
make  P  vanish.  This  principle  is  of  course  of  the  greatest  use  in  de- 
termining the  form  of  this  function. 

The  most  general  form  of  irrational  solution  for  a  linear  differential 

equation  of  the  third  order  will  be  {X+  VY}*  or  {X+^T}";  for  one 
of  the  fourth  order  we  shall  have 

{X+  VT}-,  {X+^Y}-,  {X+  VY+  VZ}-,  {X+  Vt+  VZ}", 

{x+Vy}-. 

where  (n)  is  supposed  to  be  fractional. 

In  all  these  cases  the  determination  of  (n)  will  be  independent  of  the 
constants  in  X,  T,  Z.  Por  if  we  expand  the  proposed  forms  of  solution 
in  descending  powers  of  (a?),  substitute  in  the  differential  equation,  and 
equate  the  coefficient  of  the  highest  power  of  (a?)  to  zero,  we  obtain  an 
equation  to  determine  (n)  not  involving  these  constants. 

If  X,  T,  Z,  ...  are  rational  fractions,  this  method  will  not  apply ;  but 
since  the  factors  of  the  denominators  of  these  fractions,  not  regarding 
their  powers,  must  also  be  factors  of  P,  we  may  proceed  as  follows  : — 
Let  ar— as=52  be  one  of  the  factors  of  P,  substitute  a:s=sa-\-z  in  the  given 
differential  equation,  and  let  —  m  be  the  greatest  negative  value  of  ^, 
obtained  by  substituting  j/^^  +  Bz^"*"^  ...  in  the  differential  equation, 
and  equating  the  lowest  term  of  the  result  to  zero.  Again,  let  a?— 6= r, 
and  let  — r  be  the  greatest  negative  value  of  /i,  obtained  by  substituting 
a?=6+z  in  like  manner.  Then,  if  we  put  t;=(a7— a)'"(a?— 6)*" ...  y,  we 
may  obtain  an  equation  whose  irrational  solution  will  be  free  from  nega- 
tive factors. 

VOL.  XD,  0 
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We  Hare  seen  that  if  Pe",  when  aubetituted  for «/,  BatisSes  a  linear 
differentdal  equation,  u  iii  an  invariant,  that  ie,  it  remuns  the  same  fimo- 
tioD  of  x,  and  the  constants  involved  in  the  equation  whatever  numerical 
value  we  are  able  to  assign  to  these  constants,  on  the  supposition  that  P 
and  w  are  rational  functions  of  (x).  We  shaU  call  this  the  "  principle  of 
index  invariance,"  and  proceed  to  show  that  it  is  true  when  wis  irrationaL 
Let 
(a+/J,r+y*»)g+(a'+/3'a:+yV+SV)g+(a"+/3"ir+7"ar'+S'V)y=0 

be  a  difEerential  equation ;  to  find  the  condition  that  it  may  be  Battefied  hf 
ys=YtJ  ,  where  u  is  irrational.  The  irrational  quantity  in  u  must  be 
of  the  form  VS,  otherwise  the  equation  would  admit  of  more  than  two 
particular  integrals.  Moreover  the  factors  of  X  must  be  factors  of 
a+^+y-1!'.    Wewill  suppose  X=:a-(-/]d'-t-y;c'.    Hence  we  may  assume 

u=ii  +  va!  +  p'^  a+^  +  ya^ ; 
for  if  we  expand  w  in  descending  powers  of  (j:),  and  substitute  the 
resulting  value  of  ^  in  the  differential  equation,  we  shaU  easily  see  that 
it  can  have  no  power  higher  than  the  first,  fi,  v,  and  p  are  of  course  con- 
stants to  be  determined,  and  the  douUe  sign  of  the  radical  will  give  rise 
to  four  equations  instead  of  two,  whidi  wiU  imply  an  equation  of 
condition. 

We  now  substitute  y^PeT*^,  where  P  is  an  algebrucal  function  of  («), 
in  the  linear  difEerential  equation,  and  thus  obtain 

+(/i+fa!+pVrP^5Ty^)'P+(/.+.^a:+pViH:^^+^)'pJ 

+  (a"  +  /5"at+y' V  +  J' V)P  «  0. 

The  coefficients  of  the  two  highest  powers  of  (a.-)  must  be  equated  to 
Eero,  that  is  to  say,  the  coefficients  of  the  two  highest  powers  of  the 
multiplier  of  P  must  be  equated  to  aero. 

The  following  terms  of  that  multiplier  will  be  suffident  for  our 
purpose : — 

3V  +  (yV+iVX/i  +  WB  +  p*'a  +  ^+ya:') 
or 

{  ^'+ V-*-+-V+2p(f'+**)*V7(l+2^+.  .)+p«(a+/3«+r'«^)  }  . 


) 
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Hence,  ranembering  the  doable  sign  of  V'y, 

vi'+yy*+fY=0, •    (1) 

«'+2yi,-0, (2) 

i"+Y'y+yi*+2ityy+fir*+2fiyp*=0 (3) 

yp+^+3pfiy+2p,,y^0. 

From  the  first  two  equations, 

«'     ,     3" 
"=-2;'  ''=47' 
and,  substituting  in  the  fourth, 

Consequentlj  we  shall  have 

and  the  constants  in  the  differential  equation  must  satisfy  the  condition 
derired  from  the  third  equation, 

It  is  easy  to  see  that  a  similar  proof  will  apply  in  other  cases.    We  will 
now  recapitulate  our  results. 

The  solutions  of  differential  equations,  when  they  can  be  obtained  in 
finite  terms,  must  be  either  algebraical,  exponential,  or  logarithmic.  If 
algebraical,  they  must  be  either  rational  or  irrational.  The  method  of 
finding  the  rational  algebraical  solutions  has  long  been  known.  We  have 
endeayoured  in  the  present  paper  to  show  how  the  irrational  solutions  may 
be  found  for  equations  of  the  second  order.  We  have  proved  that  a 
linear  differential  equation  will  not  admit  of  a  solution  of  the  formyS^e*) ; 
still  less  will  it  admit  of  a  solution  of  the  form  yi^e"),  when  oi  is  a  function 

of  (a?).  The  exponential  solution  must  therefore  bo  of  the  form  Pc**, 
where  w  is  an  invariant,  that  is,  a  function  which  remains  unchanged 
whatever  algebraical  value  we  may  be  able  to  assign  to  F.  This  invariant 
enables  us  to  reduce  linear  differential  equations  containing  exponential 
functions  to  other  linear  equations  involving  algebraical  functions  only. 
We  have,  moreover,  shown  that  logarithmic  solutions  of  linear  differen- 
tial equations  must  in  general  be  of  the  form  Plog^Q,  when  P  is  an 
algebraical  function  satisfying  the  proposed  linear  equation,  and  Q  can 
be  deduced  from  another  linear  equation,  which  we  have  shown  how  to 
construct.  A  great  deal  remains  to  be  done ;  nevertheless  I  think  we  see 
not  obscurely  the  true  foundations  on  which  the  solution  of  linear  dif- 
ferential equations  in  finite  terms  must  of  necessity  rest. 

c2 
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IV.  "On  LineRF  Differential  EqnationB."— No.  VII. 

Bjr  W.  H.  L.  Russell,  F.II.S.    Received  October  24,  1872. 

I  am  desirous  to  cmcluda  this  seriss  c£  papa's  with  some  remarks  on  the 

Bolutiona  of  differential  equations  considered  as  transcendents.    I  shall 

take  the  linear  differential  equation  of  the  second  order, 

which  ^riU  be  auffident,  as  it  will  be  seen  at  once  that  similar  investdga- 
tiona  apply  generally. 
Let 

y»«.+u,*+tt^+. . .  +w^+ 

We  propose  to  inTeetigat«  the  general  law  of  the  convet^nce  of  this 
series.    The  general  term  of  the  series  is  given  by  the  equation 

(n+2X«+l)««M..+(«+l)''i3«-+.+«("-l)y«. 
+  aX+/3"t*.-i+y"«.-i-0. 
As  (n)  increases  without  limit,  this  equation  becomes 

(«+2Xn+l)aiVf,+(nH-l)n^«^,+n<n-l)yu.=0, 
or  more  dmply, 

This  may  be  written 

Now  let  -s±l  converge,  as  (n)  increases  without  limit,  to  a  certain 
qaantity  p,  then  -^  will  also  converge  toward  the  sune  quantity  o,  aod 
p  wiU  be  given  by  the  equation 

Letfi,,f>,  be  the  roots  of  this  equation,  p, the  greatest  root;  then  the  series 
u,-)-u,i)!-}-i^-f , . . .  will  be  conveigent  if  '^H^  is  in  the  limit  less  than 
tmity,  or  if  « is  less  than  ~.  For  large  values  of  {x)  we  mnst  proceed 
•e  follows : — 


^'  y=tt,+^+5+. 


Then,  substituting  in  the  difEerential  equation, 

(„_2Xn- l)au^ +«(n- l)/K-i+ «(n + 1  )yti. 
-  (n  -  l)a'«._,  -tv3'«^.-(«+ l>y't(H.i 
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As  (»)  increases  without  limit,  this  equation  may  be  written 


OP 


Leb  _ ^  conveige  to  a  certain  quantity  p,  then  p  will  be  given  by  the 
equation 

I^t  p^  be  the  greatest  root  of  this  equation ;  then  the  series  will  be  con* 
vergent  if  _^  is  less  than  imitj,  or  if  a?  be  greater  than  p^. 

It  appears  from  mj  last  paper  that  in  certain  cases  a  quantity  of  the 
form  

may  be  regarded  as  a  solution  of  a  differential  equation  of  the  form  here 
considered.  Hence  we  are  able,  by  means  of  the  principles  given  in 
this  paper,  to  represent,  under  these  circumstances, 


Jdos\/a-\-hX'\'  Vc+«? 

by  a  converging  series  when  (x)  does  not  exceed  an  ascertainable  value. 
This  method  evidently  admits  of  a  great  variety  of  applications. 


November  30,  1872. 
ANNIYERSAET  MEETING, 

Sir  GEORGE  BIDDELL  AIRY,  K.C.B.,  President,  in  the  Chair. 

Mr.  Abel,  for  the  Auditors  of  the  Treasurer's  Accoimts  on  the  part 
of  the  Society,  reported  that  the  total  receipts  during  the  past  year, 
including  a  balance  of  X28  2s .  2d.  carried  from  the  preceding  year, 
amount  to  £4308  145.  8c2.,  and  that  the  total  expenditure  in  the  same 
period  amounts  to  ^£3860  17*.  lOdf.,  leaving  a  balance  at  the  Bankers 
of  X424  0«.  3c?.,  and  £23  I65.  Id.  in  the  hands  of  the  Treasurer. 

The  thanks  of  the  Society  were  voted  to  the  Treasurer  and  Auditors. 


Amiioeruay  Mee^ng. 
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The  Secpetaiy  read  the  followiiig  Lista ; — 

Fellows  deceaaed  sioce  the  Uat  Aumversary. 
On  the  ffome  List. 


■William  Baird,  M.D. 
Sir  John  Bowring,  LL.D. 
Major-G^eueml  Frauds  Bawdoa 

Cheeney,  E.A.,  D.Ci. 
George  E.  Day,  M.D. 
JamoB  Alexander  Gordgn,  M.D. 
Aogustua  Bozzi  G-ranville,  M.D, 
George  Eobert  Gray,  F.L.S. 
Major  Eobert  Wolseley  Haig,B.A. 
James  Heygate,  M.D. 
Heuty  Beaumoat  LoeBon,  M.A., 

MJ>. 
William  Lowther,  Earl  of  Lonsdale, 

M.A. 


The  EcT.  Canou  Henry  Moseley, 

M.A.,  D.C.L. 
Bobert  Patteraon. 
Sir  Thomas  Phillips,  Bart.,  M.A. 
The  Venerable  Archdeacon  John 

Henry  Pratt,  M.A. 
Edward  Ayshford  Sanford. 
Frederic  Carpenter  8key,  F.B.C.S. 
Sir  Andrew  Smith,  K.C.B.,  M.D. 
Colonel  William  Henry  Sykea. 
Bichard  Westmacott,  B.A. 
Bobert  Wight,  M.D. 
Lieut.-General  Thomas  Wood. 


On  the  Foreign  List. 
ChwleB  Eugene  Delaunay. 


Drfauiier. 
Bobert  Gordon  Latham,  M.D. 


Change  of  Name  and  Tith. 
Jamea  Orchard  Halliwell     to     James  Orchard  Phillippa. 
Sir  Boimdell  Palmer  to    Lord  Selbome. 


FellowB  elected  since  the  last  Anniversary. 


The  Bjght  Hon.  George  Joachim 

QoBchen. 
Prof.  William  GryUs  Adama,  M.A. 
Andrew  Leith  Adams,  M.B. 
Frederick  Le  Gros  Clark,  F.B.C.S. 
Prof.  John  Qeland,  M.D. 
Prof.  Michael  Foster,  M.D. 
Prof.  Wilson  Fox,  M.D. 
^Lrthur  Gamgee,  MJ>. 


Bev.  Thomas  Hincks,  B.A. 
Prof. William  Stanley  Jevons.M.A. 
Prof.  George  Johnson,  M.D. 
Prof.  Thomas  Bupert  Jones. 
Major   Thomas    George   Montgo- 

merie,  B.E. 
Edward  Latham  Oruicrod,  M.D. 
Edward  John  Eouth,  M.A. 
William  James  Bussell,  Ph.D. 
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The  President  then  addressed  the  Society  as  follows : — 

OEErriiEMEK, 

Ijr  oommeiiGing  the  Annual  Address  which  is  customary  at  the  Society's 
Auniyersary  Meeting,  I  will  first  allude  to  our  local  position.  The 
Sodeiy's  Officers  have  reason  to  believe  that,  before  the  next  Anniversary 
Meetang,  we  may  be  established  in  the  new  apartments  now  in  prepara- 
tion for  us  in  this  Palace.  We  hope  to  find  in  them  rooms  for  our 
Meetings  and  for  our  Books  more  convenient  than  those  which  we  at 
present  occupy,  and  to  be  placed  in  advantageous  proximity  to  the  other 
Sdentifio  Societies  of  the  Metropolis. 

On  the  personnel  of  the  Society,  the  proper  accounts  will  soon  be 
placed  before  you,  drawn  up  under  the  superintendence  of  your  Secre- 
taries. But  I  must  allude  to  one  loss,  the  accidental  death  of  our  Poreign 
Member,  M.  Delaunay.  Science  has,  I  fear,  sustained  a  serious  injury 
by  this  calamity.  It  is  known  to  all  who  have  given  attention  to  the 
progress  of  Ghravitational  Astronomy,  that  M.  Delaunay  had,  with  incre- 
dible labour  (well  exhibited  in  several  ponderous  volumes),  produced  a 
work  on  the  lunar  motions  which  was  never  surpassed  in  order,  and,  I 
believe,  never  equalled  in  exactitude.  We  were  looking  for  the  comple- 
tion of  this  undertaking,  by  careful  investigations  of  the  secular  equa- 
tions and  equations  of  very  long  period  on  which  Chronology  in  par- 
ticular depends,  and  also  by  the  formation  of  Lunar  Tables  in  a  con- 
venient form.  There  is  reason  to  hope  that  these  works  have  been  far 
advanced  and  may  yet  be  recovered ;  but  I  have  no  positive  information 
to  that  effect.  M.  Delaunay,  adopting  and  extending  in  the  Paris  Ob- 
servatory all  the  labours  of  his  distinguished  predecessor,  had  advanced 
far  with  an  admirable  series  of  systematic  records  of  topographical 
meteorology  and  other  local  measures  in  Prance. 

I  regret  to  announce  that  Dr.  Sharpey  finds  it  necessary,  in  justice  not 
only  to  his  own  health,  but  also  to  his  estimate  of  the  powers  which  he 
is  able  to  devote  to  the  service  of  the  Society,  to  resign  the  office  of  Secre- 
tary which  he  has  long  held  with  so  much  advantage  to  the  Society. 
Every  Pellow  of  the  Society,  but  more  especially  those  who  have  had  the 
pleasure  of  serving  on  Council  with  Dr.  Sharpey,  will,  I  am  sure,  sympa- 
thize with  me  in  regret  that  we  lose  his  services,  and  still  more  that  it  is 
from  the  cause  which  I  have  mentioned.  If,  however,  the  Society  should 
see  fit  to  confirm  the  Council's  recommendation  of  appointment  of  Pro- 
fessor Huxley  in  his  place,  I  am  confident  that  Dr.  Sharpey  will  be  one 
of  the  first  to  acknowledge  that  he  transmits  his  office  to  no  unworthy 
successor. 

Among  the  labours  distributed  among  Fellows  of  the  Society  of  which 
the  results  do  not  appear  in  the  Philosophical  Transactions  are  the 
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following : — The  Qoremment-Qrant:  Committee,  the  lAhnxj  Committee, 
the  Donation  Committee,  and  the  Stneatific  Belief  Committee  hare  all 
been  active  in  their  several  f  imctioiiB.  The  Catalogue  of  Scientific  Papers 
to  the  year  1863  is  completed,  and  will  long  remain  as  a  teBtimonisl  to 
the  judgment  and  care  of  those  who  have  superintended  and  completed 
it.  So  strong  is  the  sense  of  the  CouncU  on  its  value  (a  value  te  which 
I  can  personally  testify),  that  they  have  det«rDiined  to  carry  it  on  to 
1873. 

Of  the  subjects  vhich  have  been  referred  by  the  Oovemment  to  the 
Boyal  Society,  and  on  which  the  President  and  Council,  assisted  by  Com- 
mittees  of  the  Society,  bare  made  Beports,  the  first  in  importance  is 
undoubtedly  the  course  and  employment  of  the  Expedition  which  is  now 
leaving  our  shores,  for  an  almost  complete  circumnavigation  of  the 
globe,  and  for  a  very  extensive  series  of  observations,  bearing  principally 
upon  natural  history,  but  partly  also  on  ocean-currents,  ocean-depths, 
and  progressive  geology.  It  is  not  too  much  to  anticipate  that  the  series 
of  suggestions  offered  by  the  Committee  which  has  given  its  attention  to 
these  subjects  will  long  be  studied  by  the  promoters  of  future  expedi- 
tions as  guides  for  their  own  conduct. — Ifext  is  to  be  mentioned  the  con- 
uderation  of  an  application,  from  the  Qennan  Scientific  Bodies,  for  the 
establishment  of  a  self-registering  tide-gauge  on  the  island  of  Heligoland, 
to  serve  for  the  definition  of  a  lero  of  elevation  for  the  continent  of 
£uropd  with  supposed  greater  accuracy  than  any  that  can  be  obtained  on 
the  continental  shores.  The  President  and  Council  offer  their  tribute  of 
respect  to  the  long-sighted  view,  and  the  breadth  of  the  considerations, 
which,  as  might  be  expected,  have  distinguished  the  enterprise  desired  by 
their  Qerman  brethren.  At  the  same  time  they  hare  felt  it  their  duty 
to  indicate  a  point  of  tidal  tJieory  on  which  their  opinions  do  not  harmo- 
nize with  those  that  suggest«d  the  observations  in  question ;  and  they 
hare  also  alluded  to  the  very  great  practical  difficulties  in  carrying  out 
the  proposed  construction.  In  this  state  they  have  submitted  the  ques- 
tion ta  the  British  6ovemment. — It  is  known  that  an  International 
Commission  has  been  sitting  in  Paris,  for  the  purpose  of  establishing 
with  accuracy  the  length  of  the  M^tro,  and  for  the  distribution  of  accu- 
rate copies ;  and,  with  the  concurrence  of  the  British  Goremment,  your 
Foreign  Secretary  and  the  Warden  of  Standards  have  taken  an  active 
part  in  the  deliberations ;  and  your  President  would  probably  hare  joined 
them  if  his  official  employments  had  permitted  it.  I  think  it  imperatire 
on  me  to  state  that  the  British  Qovemment  gare  theirassent  only  on  the 
express  understanding  that  they  could  take  no  part  in  the  Commission  if 
it  displayed  any  propagandist  intention.  Speaking  as  the  representative 
of  the  body  who  had  best  considered  this  subject,  namely  the  Standards' 
Commission  now  dormant,  I  can  say,  as  theii  unanimous  opinion,  that 
litey  deprec»t«  the  slightest  interfer^ice  with  natioiial  usages ;  but  they 
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reoognue  the  great  importance  of  an  accurate  intemaidonal  system  which, 
like  the  Latin  of  the  middle  ages,  enables  men  of  science  in  all  countries 
to  speak  the  same  language ;  and  for  this  international  character  they 
think  the  Metrical  .ystem  ringukriy  weU  adapted—In  connexion  with 
this  subject  I  may  state  that  the  '*  Parliamentary  Copy"  of  the  National 
Standard  of  Length,  which  is  intrusted  to  the  care  of  the  Boyal  Society, 
has  been  examined  and  found  to  be  in  excellent  condition:  a  very 
BmaU  modification  has  been  made  in  its  supports,  to  meet  the  suggestion 
of  a  possible  cause  of  minute  injury  in  the  contacts  of  the  bar  with  its 
bearing-rdlers. — As  connected  with  the  general  science  of  the  country, 
I  ought  not  to  omit  to  remind  you  that  your  Home  Secretaries  hold  im- 
portant posts  in  the  Official  Scientific  Commission  which  has  not  yet 
terminated  its  labours. 

I  would  next  allude  to  the  scientific  subjects  which  within  the  last 
year  haye  been  introduced  at  your  public  meetings,  and  of  which  the 
greater  part  will  be  further  published  in  your  *  Transactions '  or  your 
*  Proceedings.'  And  as  demanding  my  first  notice  in  every  point  of 
view,  whether  as  referring  to  the  name  of  the  writer  or  to  the  subject  of 
which  he  treats,  I  cite  the  paper  by  Sir  Edward  Sabine  on  the  measures 
of  the  Magnetic  Elements  in  the  northern  regions  of  our  globe ;  a  worthy 
termination  to  an  unequalled  series  of  arranged  results  of  observation, 
which  must  be  adopted  as  the  foundation  for  all  future  theoretical  inves* 
tigations  of  terrestrial  magnetism.  Li  connexion  with  this,  I  mention 
Captain  Uvans's  collection  of  the  values  of  magnetic  declination  on  nu- 
merous points  of  the  British  coasts,  the  magnetic  survey  of  the  eastern 
diEttricts  of  France  by  Messrs.  Perry  and  Sidgreaves,  and  Mr.  Chambers's 
determination  of  the  magnetic  elements  and  their  changes,  and  of  the 
lunar  inequalities  of  magnetic  declination,  at  Bombay.  At  the  last 
Anniversary  of  the  Society  attention  was  called  by  my  predecessor  to  a 
paper  by  Dr.  Homstein  on  the  existence  of  a  magnetical  inequality 
whose  period  is  sensibly  the  same  as  the  length  of  the  sun's  synodical 
revolution,  and  which  therefore  seems  to  show  thab  different  parts  of  the 
sun's  surface  produce  different  effects  on  the  magnet.  The  examinations 
of  observations  and  the  discussions  of  them  within  this  Society  have 
confirmed  Dr.  Homstein's  observations  for  the  year  in  which  he  ob- 
served ;  and  they  have  added  this  remarkable  result,  that  in  each  year  a 
species  of  inequality  appears  to  have  been  sufficiently  recurrent  with  the 
sun's  revolution  to  show  itself  clearly  through  accidental  irregularities, 
but  that  the  law  of  the  inequality  varies  greatly  from  year  to  year. — In 
Chemistry  we  have  various  communications,  rather  on  details  than  on 
principles.  Mr.  Schuster's  paper  on  the  spectrum  of  nitrogen  points  out 
a  cause  of  occasional  errors  in  spectroscopic  inferences.  A  late  commu- 
nication from  Sir  B.  C.  Brodie  appears  to  prove  that  ozone  is  an  allo- 
tropic  form  of  oxygen  in  which  three  volumes  of  oxygen  are  condensed 
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into  two,  and  which  may  exhibit  three  fonna  of  action. — In  Falteoiitology 
we  have  Professor  Owen's  paper  on  the  earlier  AuBtraliBii  traces  of  thit 
wonderful  claes  of  animals  (the  marsupials)  which  connect  accieDt 
Ozfordshife  with  modem  Australia ;  Professor  Williamson  on  the  tn^ 
gaoizatioii  of  certainfossil  plants ;  and  the  Bepott  by  Mr.  Prestwich  on 
the  exploration  of  Brixham  Cave,  referring  in  some  measure  to  tins 
habits  of  former  man  as  well  as  former  wild  beasts. — In  Oceanic  adenoe, 
the  Beport  bj  Dr.  Carpenter  on  the  currents  in  the  neighbourhood  of 
the  Stnute  of  Gibraltar  (in  sequence  of  preceding  papers)  embodies  im- 
portant facte,  and  has  raised  some  discussions.  Alluding  only  by  a 
word  to  the  discoveriea  of  deep  chaonela  in  the  bottom  of  the  eea  and  of 
water  of  different  temperatures  in  them,  I  think  it  right  to  state,  as  my 
opinion,  that  the  flow  of  surface-wat«r  from  the  places  of  high  tempe- 
rature, and  the  return  of  deep  ^'ater  to  the  same,  are  certiun  in  theory 
and  are  supported  by  observation. — Mr.  Stone's  determinatioQ  of  the 
velocity  of  sound  is  free  from  the  effects  of  a  long-prevailing  error  (the 
combination  of  two  senses),  and  is  probably  one  of  the  best  yet  made. — ■- 
In  Astronomy  our  communicationB  are  rich :  Mr.  De  La  Bue  and  his 
fellow  labourers  have  continued  their  researches  upon  the  influence  of 
Planets  on  the  Sun ;  Mr.  Huggina  has  employed  the  telescope,  wisely 
provided  by  a  former  Council  of  the  Socie^,  and  the  spectroscope,  on  the 
spectra  of  Encke's  Comet  and  of  the  nebula  of  Orion  (leading  us  more 
and  more  distinctly  to  the  idea  that  these  bodies  are  gaseous  and  in  some 
measure  self-luminous),  and  on  that  astonishing  result  of  modem  science, 
the  measure  of  the  approach  or  recess  of  the  "  fixed "  stars.  It  is  a 
striking  thing  to  see  the  stars  of  a  constellation  so  well  known  to  every 
one  as  ia  "  Charles's  Wain  "  separated  into  two  classes,  of  approaching 
and  receding ;  and  also  to  find  that  the  same  separation  is  indicated  by 
the  charactere  of  their  proper  motions.  An  investigation  of  the  value 
of  the  coefficient  of  aberration,  when  the  star  is  viewed  through  a  tele- 
scope whose  tube  ia  filled  with  water,  may  have  served  to  remove  some 
doubts  on  the  optical  theory  of  aberration,  and  to  allay  some  aniietieB  on 
the  reduction  of  astronomical  observations. 

I  think  that  the  opinion  of  the  scientific  world  wonld  be,  that  the 
proceedings  of  the  Society  during  the  past  year  will  bear  comparison  with 
those  of  any  other  year. 

Before  cloaing  my  Address,  I  think  that  I  may  employ  a  few  sentences 
in  noticing  some  of  the  steps  which  have  been  made  in  science  in  the 
world  exterior  to  the  Society.  In  Geography,  the  most  exciting  of  all 
ia  Mr.  Stanley's  discovery  of  Livingstone,  and  the  intelligence  of  the 
explorations  made  by  him  and  other  travellers  in  South  Africa.  But 
they  tend  greatly  to  sharpen  our  curiosity  on  other  points.  Are  the 
lakes  which  have  been  visited  so  many  independent  lakes,  or  are  several 
of  them  portions  of  one  great  lake  ?    So  these  mighty  waters  reach  &b 
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sea  by  the  Nile  or  by  the  Congo  ?    Opinion  is  advancing  fast  in  the 
direction  that  they  are  tributaries  of  the  Congo ;  that  we  have,  in  fact, 
"  rounded  ^  the  basin  of  the  Nile-heads,  and  perhaps  those  of  some  other 
livers.     The  observations  of  Dr.  Schweinfurth  in  a  more  northerly 
district  appear  to  support  this  idea.    But,  however  strong  may  be  the 
reasons  for  this  conclusion,  the  world  will  scarcely  be  satisfied  without 
local  verification. — Some  additions  have  been  made  to  our  knowledge  of 
the  coasts  and  seas  of  Novai  Zemlai  and  other  polar  regions  by  Ame- 
rican and  other  expeditions,  especially  that  of  Bosenthal ;  but  nothing 
of  striking    character  has  been  discovered. — The  German  Association 
for  tiie  EuropSische  Gradmessung  continues  its  labours  actively ;  its  last 
JEteports  contain  details  of  Gbodesy  from  Norway  to  Italy,  and  exhibit  the 
comparison  of  various  standards  of  length. — ^French  geodetists  have  pro- 
posed the  extension  of  the  great  French  meridional  arc  to  Algeria,  em- 
ploying a  triangulation  with  sides  of  about  200  miles. — In  the  progress  of 
our  great  Indian  Survey,  Major  Montgomerie  (charged  with  the  superin- 
tendence in  Colonel  Walker's  absence)  proposed  to  himself  the  problem 
of  surveying  "the  triangular  space  lying  between  the  Indus  and  its 
great  Caubul  tributary,  which  is  bounded  on  the  north  by  the  Hindoo- 
Koosh  and  Mustagh  ranges."    This  has  been  generally  accomplished, 
and  appears  to  have  opened  up  the  geography  of  an  almost  unknown 
and  difficult  country.     It  is  understood  that  Bussian  surveys,  though  yet 
distant,  are  advancing  from  the  opposite  side. — The  melancholy  account 
of  the  death  of  Captain  Basevi,  while  engaged  in  pendulum-experiments 
among  the  Himalaya  Mountains,  was  given  by  my  predecessor  to  the 
last  Annual  Meeting.    An  officer  has  been  named  to  continue  the  obser- 
vations, but  the  actual  work  is  not  yet  begun. — Much  attention  has  been 
called  to  a  strange  error  in  the  measure  of  the  elevation  above  the 
sea  assigned  to  the  centre  of  gravity  of  continents  and  islands.    Colonel 
Sir  Henry  James  has  given  probably  the  first  accurate  measure  of 
surface-height  (from  which  that  of  the  centre  of  gravity  may  be  inferred) 
on  a  portion  of  Scotland. — Perhaps  I  may  consider  it  not  wholly  un- 
connected with  this  subject  to  state  that  the  galvanic  telegraph  now 
extends  (accidents  only  excepted)  to  the  south  of  Australia.    I  have  some 
pleasure  in  remarking  that  the  gentleman  who  has  attached  the  last  and 
most  difficult  link  to  this  chain  was  Supernumerary  Computer  and  Junior 
Assistant  at  the  Observatory  of  Greenwich,  and  was  nominated  by  me 
for  construction  of  the  first  telegraph  at  Adelaide. 

The  year's  progress  in  Geology  has  consisted  principally,  I  believe,  in 
increasing  the  number  and  the  accuracy  of  the  observations  of  special 
facts,  and  in  giving  cateful  attention  to  the  details  of  palaeontology. 

Magnetism  continues  to  advance  \^dth  slow  but,  I  believe,  certain  steps. 
Twice  in  this  year  it  has  happened  that  unusual  outbursts  on  the  sun's 
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surface  have  been  observed  (by  Father  Seechi  in  Italy,  and  by  Professor 
Young  in  America),  and  that  on  each  occasion  there  has  been  a  sudden 
magnetic  disturbance  registered  qu  the  Greenwich  photographic  sheetSi 
suspiciously  near  in  time.  It  may  ultimately  be  necessary  to  establish 
the  proper  means  for  sun-observations  in  Australia  or  New  Zealand,  in 
order  to  ascertain  whether  similar  agreements  of  time  occur  during  the 
hours  of  European  night. 

• 

Meteorology,  if  we  could  judge  only  from  the  number  of  observatories 
and  the  activity  with  which  their  observations  are  carried  on,  is  making 
prodigious  strides.  But  I  doubt  greatly  whether  science  really  gains 
any  thing  from  millions  of  observations  which  are  published  with  very 
few  steps  of  reduction. 

The  principal  works  of  the  Meteorological  Office,  the  examination  of 
ships'  logs  and  the  deduction  of  inferences  from  them,  are  incessantly 
continued ;  the  results  are  classified  by  degree-squares,  and  a  specimen 
of  a  ten-degree  square  has  been  circulated  for  public  opinion ;  also  a 
detailed  exhibition  of  the  state  of  the  North  Atlantic  for  eleven  days* 
Much  light  is  thrown  on  the  shift  of  the  trade-wind  zones.  Daily 
weather-charts  are  issued,  exchanged,  and  sold  to  a  considerable  number, 
and  the  ^*  drum  "  signals  are  exhibited  at  128  stations. 

Astronomy  has  made  great  advances.  Adverting,  first,  to  the  instru- 
ments.— ^It  appears  to  be  certain  that  in  the  Great  Melbourne  Telescope 
the  principal  difficulties  are  overcome,  and  the  instrument  is  actually  well 
and  successfully  employed  on  the  objects  for  which  it  is  especially 
intended. — ^The  25-inch  refractor  at  Gateshead,  the  property  of  Mr. 
B.  S.  Newall,  has  been  examined  carefully  by  the  most  distinguished  of 
northern  astronomers,  and  its  definition  has  been  pronounced  to  be  per- 
fect.— The  spectroscope  has  undergone  various  changes  of  form,  all  in 
the  direction  of  increasing  its  prismatic  separation  without  injuring  its 
practical  application  in  other  respects. — Adverting,  secondly,  to  the  obser- 
vations and  reductions,  such  as  preceded  the  introduction  of  the  spectro- 
scope.— The  too  long-delayed  reduction  of  observations  at  the  Cape  of 
Good  Hope  has  been  urged  vigorously  by  the  present  Astronomer,  Mr. 
Stone ;  those  for  1858  have  lately  appeared,  and  others  will  probably  follow 
soon,  the  current  work  of  the  present  time  being  still  maintained.  In  the 
mean  time  observations  have  been  actively  made  and  reduced  by  Mr. 
Ellery  at  Melbourne.  There  is  now  good  prospect  of  the  promotion  of  ac- 
curate astronomy  in  the  Southern  Hemisphere. — But  it  is  principally  in  the 
results  of  spectroscopic  observations  that  the  great  steps  have  been  made. 
Much  has  been  done  in  the  examination  of  NebulsB,  Comets,  and  Auroral 
and  Zodiacal  light ;  but  the  greatest  share  of  attention  has  been  directed 
to  the  constitution  of  the  Sun,  chiefly  as  revealed  by  the  observations 
made  in  total  eclipses.    (It  would  be  wrong  to  omit  to  mention  that  Mr. 
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Pogaon  has  shown  that  an  annular  eclipse  is  equally  ayailable.)  I  cannot 
pietend  now  to  describe  all  the  characteristics  of  the  four  strata  of  the 
Sun's  atmosphere,  or  the  evidence  of  their  containing  various  terrestrial 
oomp<ment8,  or  the  proofs  that  thej  are  in  different  states  of  temperature ; 
nor  can  I  describe  the  phenomena  of  the  corona,  or  those  in  the  neigh- 
bourhood of  the  solar  maculsB.  Much  also  has  been  done  by  spectroscopic 
examination  of  the  sun  without  eclipse ;  and  a  spectroscopic  society  in 
Italy  has  employed  itself  prindpally  on  that  object.  The  Lords  Com- 
missioners of  the  Treasury  have  sanctioned  the  establishment,  at  theSoyal 
Observatory  of  Ghreenwich,  of  photoheliographic  observations  (to  be 
made,  during  the  Transit-of-Venus  Expedition,  with  the  Kew  Instru- 
ment, by  permission  of  your  Council)  and  of  spectroscopic  observations : 
the  former  system,  it  may  be  expected,  will  be  in  regular  action 
within  a  few  months ;  the  latter  scarcely  admits  of  being  carried  on 
in  official  routine,  but  will  be  occasionally  active. — Preparations  are 
&r  advanced  for  publishing  a  nearly  complete  report  of  the  Eclipse  of 
1870 ;  the  observations  of  that  of  1871  are  not  yet  entirely  collected. — 
Nearly  all  the  Gk)vemments  of  the  civilized  world  are  engaged  in  arrange- 
ments for  observation  of  the  Transit  of  Venus  in  1874.  As  regards  the 
British  preparations,  the  original  scheme  of  observations  was  confined  to 
eye-observation  of  the  entry  and  the  departure  of  Venus  at  the  sun's 
limb,  which  I  regard  as  the  most  accurate  of  all;  but,  considering 
especially  the  risk  of  weather  or  accident,  it  appeared  desirable  to  be  pre- 
pared with  a  method  for  utilizing  the  whole  duration  of  Transit ;  and, 
at  f^e  instance  of  the  Board  of  Visitors  of  the  Greenwich  Observatory, 
the  Treasury  have  sanctioned  the  fitting  up  of  a  photoheliograph  of  the 
best  class  at  each  of  the  five  British  stations.  We  are  indebted  to  Mr. 
De  La  Bue  for  the  superintendence  of  the  construction  and  verification 
of  these  instruments.  Several  foreign  astronomers  have  turned  their 
attention  to  the  employment  of  the  heliometer  for  the  same  purpose. 

In  Chemistry,  there  has  been  much  work  on  details,  but  scarcely  leaiing 
to  any  great  principle.  The  theories  which  have  mainly  guided  the 
observations  appear  to  be  those  of  isomerism,  chemical  structure,  thermo- 
chemical  research,  and  physiological  chemistry. 

The  attention  given  to  Botany  has  been  in  some  measure  differently 
apportioned  to  different  states.  In  those  which  contain  within  their 
own  limits  no  very  great  variety  of  terrestrial  or  climatic  circum- 
stances, accurate  examination  and  classification  have  been  studied; 
but  in  the  more  extended  countries,  and  most  of  all  in  our  own  territory, 
with  its  enormous  colonial  extension,  the  questions  of  plant-distribution 
and  general  biology  have  been  examined,  and  attention  to  the  structure 
of  fossil  plants  has  increased.  The  theory  of  fertilization  of  plant^s  by 
insects  has  gained  some  assent,  and  the  necessity  of  observing  entomology 
in  connexion  with  plant-distribution  b  partially  recognized. 
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In  Medicine,  I  learn  that  researches  on  the  injurious  effects  of  ab- 
normal temperature  of  the  body  (as  in  fevers),  and  on  the  way  of 
neutralizbig  them,  have  been  prosecuted  with  favourable  results.  The 
Sphygmograph  has,  I  believe,  been  successfully  employed  as  an  instnt- 
ment  of  diagnosis.  The  alteration  of  the  form  of  blood-corpuscles  under 
special  circumstances  appears  to  have  attracted  attention. 

I  may  well  appeal  to  the  enumeration  which  I  have  made  for  proof  of 
the  assertion  that  science  is  not  standing  still. 


Por  convenience,  I  will  take  the  present  opportunity  of  making  a  state- 
ment, of  personal  character,  which  in  strictness  ought  to  be  offered  at  a 
later  stage  of  this  day's  proceedings. 

The  Council  of  the  Society,  in  their  circulated  house-list  of  Officers 
proposed  for  the  Session  now  commencing,  have  done  me  the  honour 
again  to  offer  my  name  as  President.  Should  this  be  confirmed, 
Gentlemen,  by  your  votes,  I  will,  to  the  best  of  my  powers,  endeavour 
to  discharge  for  a  period  the  duties  of  the  office.  But  experience  has 
convinced  me  that  it  was  no  unfounded  fear  which  I  expressed  to  the 
deputation  of  the  Council  who  first  conveyed  to  me  the  flattering  invita* 
tion  to  the  Presidency,  that  official  and  other  circumstances  might  make 
it  difficult  for  me  to  give  proper  attention  to  the  interests  of  the  Society. 
I  will  therefore  ask  you.  Gentlemen,  to  permit  me  in  any  case  to  lay 
down  my  office  at  the  next  Anniversary  Meeting.  It  may  be  possible,  if 
business  threatens  to  press  me  with  the  same  severity  in  the  autumn  of 
1873  as  in  1872,  that  I  may  desire  to  be  liberated  from  my  engagement 
at  an  earlier  date ;  this,  however,  I  shall  not  contemplate  so  long  as  I 
can  avoid  doing  so.  Meantime  I  will  express  to  the  Society  my  feeling 
that  the  position  in  which  they  have  placed  me  is  the  proudest  which  a 
man  of  science  in  this  country  can  occupy ;  and  that  the  labour  which 
accompanies  it,  so  far  as  I  am  able  to  support  it,  is  only  a  just  debt  from 
me  to  the  Society. 

I  proceed  now  to  announce  the  award  of  the  Medals. 

The  Copley  Medal  has  been  awarded  to  Professor  Friedrich  Wohler, 
of  Gottingen,  For.  Memb.  E.S.,  for  his  numerous  contributions  to  the 
Science  of  Chemistry ;  and  more  especially  for  his  researches  on  the  pro- 
ducts of  the  decomposition  of  Cyanogen  by  Ammonia ;  on  the  Derivatives 
of  Uric  Acid ;  on  the  Benzoyl  Series ;  on  AliiTnininnn  (discovered  by 
him).  Yttrium,  and  Beryllium ;  on  Boron,  Silicon,  and  their  compounds ; 
on  Titanium ;  and  on  Meteoric  Stones. 

Pbopessob  Milleb, 
In  the  name  of  the  Coimcil,  I  request  that  you  will  transmit  this 
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Medal  to  Frofesgor  Wohler,  and  that  you  will  assure  him  that  his  long- 
continued  services  to  the  sdenoe  of  Chemistry  command  our  deep 
respect. 

A  Boyal  Medal  has  been  awarded  to  Mr.  Henry  John  Carter,  F.B.S., 
for  his  researches  in  Paleontology  and  Zoology,  on  the  Infusoria  and 
Bhizopoda,  and  the  root-cell  of  the  CJuira ;  but  more  particularly  for  his 
inquiries  into  the  Natural  History  of  the  Spongiada. 

Frofessob  Stokes, 
In  the  absence  of  Mr.  Carter,  I  have  much  pleasure  in  delivering  to 
you,  for  transmission  to  him,  the  Medal  awarded  to  him  by  the  Council 
of  the  Boyal  Society,  in  acknowledgment  of  his  long-continued  and 
valuable  services  to  Physiology,  and  more  particularly  of  his  creating  an 
almost  new  science  as  regards  the  Spongiads. 

A  Boyal  Medal  has  been  awarded  to  Professor  Thomas  Anderson,  M  J)., 
for  his  investigations  on  the  Organic  Bases  of  Dippel's  Animal  Oil ;  on 
Codeine ;  on  the  Crystallized  Constituents  of  Opium ;  on  Piperin  and  on 
Papaverin;  and  for  his  researches  in  Physiological  and  Agricultural 
Chemistry. 

Pbofessob  Stokes, 
In  Br.  Anderson's  absence,  I  request  you  to  state  to  him  that  I  am 
happy  to  deliver  to  him,  through  your  hands,  the  Medal  which  the 
Council  has  awarded  to  him,  in  recognition  of  his  numerous  and  valuable 
contributions  to  Physiological  Chemistry. 

e 

The  Bumford  Medal  has  been  awarded  to  Anders  Jonas  Angstrom, 
For.  Memb.  B.S.,  for  his  researches  on  Spectral  Analysis.  The  limitation 
in  time  attached  to  the  adjudication  of  the  Eumford  Medal  compels  the 
Council  to  connect  this  award  with  the  latest  of  M.  Angstrom's  pub- 
lished memoirs ;  but  they  are  not  insensible  to  the  circumstance  that  this 
is  but  the  termination  of  a  long  and  valuable  series. 

M.  Angstrom's  researches  generally  are  described  with  great  clearness 
in  the  late  President's  Address  at  the  Anniversary  Meeting  of  1870.  To 
the  subjects  there  mentioned  I  have  only  to  add  a  mathematical  theory  of 
the  Conduction  of  Heat. 

Pbofessob  Milleb, 
Have  the  goodness  to  transmit  this  Medal  to  M.  Angstrom,  \iith  the 
assurance  of  our  regard  for  himself  and  of  the  great  value  which  we  place 
on  his  researches. 
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Number  of  Fellows. 
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On  the  motion  of  G^enend  Smjthe,  seconded  by  Colonel  Yoike,  it  was 
resolved, — "  That  the  thanks  of  the  Society  be  returned  to  tibe  President 
for  his  Address,  and  that  he  be  requested  to  allow  it  to  be  printed.'' 

The  Statutes  relating  to  the  election  of  the  Council  and  Officers  having 
been  read,  and  Dr.  Gladstone  and  Dr.  (George  Harlej  having  been,  with 
the  consent  of  the  Society,  nominated  Scrutators,  the  votes  of  the  Fellows 
present  were  collected,  and  the  following  virere  declared  duly  elected  ai 
Council  and  Officers  for  the  ensuing  year : — 

President— Bit  George  Biddell  Airy,  K.C.B.,  MJL,  D.CX.,  LL.D. 
(Astronomer  Bojral). 

Treasurer, — ^William  Spottiswoode,  M.A. 

Secretaries /  ^^'  ^^eorge  Gkibriel  Stokes,  M.A.,  D.CX.,  LL J). 

\  Prof.  Thomas  Henry  Huxley,  LL.D. 

Foreign  Secretary, — ^Prof .  William  HaUowes  Miller,  M.A.,  LL J). 

Other  Members  of  the  Council, — (George  James  Allman,  M  JO. ;  Sir  B.  C. 
Brodie,  Bart.,  M.A.,  D.C.L. ;  George  Busk,  F.E,C.S. ;  Prof.  Bobert  Bel- 
lamy Clifton,  M.A. ;  James  Fergusson,  D.CX. ;  Thomas  Archer  Hirst, 
Ph.D.;  J.Didton  Hooker,  C.B.,  D.CX.,  LL.D.;  Joseph  Prestwich,  F.Gil.; 
Bear-Admiral  G.  H.  Bichards,  C.B. ;  Prof.  H.  Enfield  Boscoe,  B JL., 
Ph.D. ;  Philip  Lutley  Sclater,  M.A. ;  William  Sharpey,  M.D.,  LL.D. ; 
Francis  Sibson,  M.D.;  Major-Gen.  E.  Strachey,  E.E.,  C.SJ. ;  Isaac 
Todhunter,  M.A. ;  Sir  Charles  Wheatstone,  D.CX. 

The  thanks  of  the  Society  were  given  to  the  Scrutators. 

The  following  Table  shows  the  progress  and  present  state  of  the  Society 
with  respect  to  the  number  of  Fellows : — 


Patron 

and 
Boyal. 

Foreign. 

Com- 
pounders. 

£4: 

yearly. 

TofaL 

November  30,  1871. 

Since  elected 

Since  compounded . . 

Since  deceased   

Defaulter   

4 

49 
-1 

278 
+6 
+2 
-8 

264 

+  10 

-2 

-14 

-1 

595 
+  16 

-23 

-1 

November  30,  1872. 

4 

48 

278 

257 

587 
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i^ccoimt  of  the  appropriation  of  the  sum  of  £1000  annually  voted 
by  Parliament  to  the  Royal  Society  (the  Government  Grant)  ^ 
to  be  employed  in  aiding  the  advancement  of  Science  (con- 
tinued from  Vol.  XX.  p.  60) . 

1872. 

1.  T.  B.  Fraser,  for  an  Investigation  of  the  Antagonism  be- 
tween Physostigma  and  Atropia £50 

2.  IL  E.  Armstrong,  for  Investigation  of  the  Nitro-deriva- 

tives  of  Sulphuric  Anhydride 60 

3.  Prof.  W.  C.  Williamson,  for  continuation  of  Besearehes  on 

the  Organization  of  the  Fossil  Plants  of  the  Coal-measures 20 

4.  Prof.  Duncan,  for  a  Besearch  on  the  Minute  Anatomy  and 
Physiology  of  the  Actinozoa  25 

5.  B.  H.  Scott,  for  Experiments  on  various  forms  of  Anemo- 
meters          60 

6.  M.  Hall,  for  Apparatus  for  Deep-sea  Dredging 50 

7.  C.  Greville  Williams,  for  an  Investigation  of  Beryls  and  Eme- 
ralds         100 

8.  J.  H.  ColHns,  for  a  Microscopic  and  Physical  Examination  of 
Cornish  Bocks 25 

9.  G.  Gore,  for  further  Besearehes  into  the  Fluorides,  and  for 
Electrodynamic,  Magnetic,  and  Chemical  Experiments    150 

10.  Dr.  C.  B.  A.  Wright,  for  continuation  of  Besearehes  into 
the  History  of  the  Opium  Alkaloids,  and  an  Investigation  of  Nar- 

cane  and  Papaverine    50 

11.  B.  J.  Friswell,  for  an  Investigation  of  the  Compounds  of 

the  Platinocyanides 20 

12.  H.  J.  Carter,  for  aid  in  prosecuting  Besearehes  on  the  Spon- 
giadis,  on  which  he  has  heen  long  engaged    50 

13.  Treasurer  B.  S.,  on  behalf  of  the  Circumnavigation  Com- 
mittee to  meet  possible  outlay  for  Instruments  for  the  Circum- 
navigation Expedition 250 

14.  H.  Willett,  for  Instruments  to  ascertain  the  Temperature  of 
the  Bocks  traversed  in  the  Exploratory  Boring  in  the  Sub-Wealden 
Formations  near  Battle  20 

15.  Sir  William  Thomson,  for  the  reduction  of  Tidal  Obser- 
vations , 100 

16.  J.  N.  Lockyer,  for  the  payment  of  an  Assistant  in  Solar 
Observations,  and  for  expenses  incident  upon  the  application  of 
photography  to  that  object    150 

jeiioo 
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To  balance  on  hand, 

Not.  30,  1871    . .     1031     8  8 
To  Grant  from  Trea- 

Bury(1872) 1000     0  0 

Kepaymenta : — 

Prof.  Stokes  £175     0  0 

Dr.  Andrews     73  17  4 

248  17  4 

Interest 19  14  I 


^£2300     0  1 


ttt.  [Not.  21, 

O. 
£      I.    d. 
By  appropriations  as 

above    1160     0     0 

Balance  on  hand.  Not. 
30, 1872 1140    0    1 


Account  of  Grant  from  the  Donation  Fund  in  1872. 
Prof.  P.G.Tait,  towards  the  expense  of  Investigatjons  in  Thermo- 
electricity        ^26 


PreMiiU  received  Novembtr  21,  1872. 
Transactions. 

Berlin : — Physikalisehe  Gesellschaft.   Die  Fortscbritte  der  Phyaik  im 

Jahrel868.  Jahrgang24.  8to.  1872.  Namen- und  Sach-Beglater, 

Band  I.  bis  XX.  8to.  1872.  The  Society. 

Bolt^na  ;-~^Accadeinia  deOe  Scienze  dell'  Istituto.     Memorie.    Serie 

Terza.    Tomo  I.,  II.  fasc.  1.     Indici  Oenerali  dei  dieci  tomi  della 

seconda  aerie.  4to.  1871-72.     Hendiconti  delle  Sesaioni.     Anno 

Accademico  1871-72.  8co.  Bologna  1872.  The  Academy. 

Cherbourg : — Soei^t«  Nationale  des  Sciences  Natnrelles.    Mdmcures. 

Tome  XVI.  8to.  Paris  1871-72.  The  Society. 

Devonshire  Association  for  the  Advancement  of  Science,  Literature, 

and  Art,     Heport  and  Tranaactious.    Exeter,  July  1872.   Vol.  V. 

Part  1,  8vo.  Plymouth  1872.  The  Association. 

Edinburgh: — GJeological  Society.   Transactions,   Vol.11.  Parti.  8to. 

Edinburgh  1872.  The  Society. 

Kiel ;— UniveraitSt.  Schriften  aus  dem  Jahre  1871.    Band  XVin. 

4to.  Kiel  1872.  The  University, 

London ; — Institution  of  Civil  Engineers.    Minutes  of  Proceedings, 

Session  1871-72.  Vol.  XXXni.,  XXXIV.  8vo.  London  1872. 
The  Institution. 
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Transactions  (eontimied). 

Linnean  Society.  Transactions.  Vol.  XXYIII.  Part  2 ;  Yol.  XXIX. 

Part  1.  4to.  1872.     Proceedings,  Session  1871-72,  pp.  xxix-ciii. 

Svo.    Journal.  Zoology.  Vol.  XI.  No.  55.  8vo.  1872.    Additions 

to  the  Library,  1871-72.    List  of  Fellows,  1871.  8vo. 

The  Society. 
Zoological  Society.    Transactions.    Vol.  VIII.  Part  2.    4to.    1872. 

Proceedings  of  the  Scientific  Meetings  for  1872.    Parti.    8vo. 

Eevised  list  of  the  Vertebrated  Animals  now  or  lately  living  in 

the  Gardens.  8vo.  1872.    Catalogue  of  the  Library.  8vo.  1872. 

o  The  Society. 

Lund : — Universitet.  Arsskrift,  1869,  1870.  4to.  Lund. 

The  University. 
Lyon: — ^Academie  des   Sciences,  Belles  Lettres  et  Arts.    M^^moires. 

Classe  des  Sciences,   Tome  XVIII. ;    Classe  des  Lettres,  Tome 

XIV.  roy.  8vo.  Lyon  1868-71.  The  Academy. 

Sod^te  Impenale  d' Agriculture,  Histoire  Naturelle  et  Arts  Utiles. 

Annales.  Quatri^me  s^rie.  Tome  I.,  II.  1868-69.  roy.  8vo.  Lyon 

1869-70.  The  Society. 

Paris : — Museum  d'Histoire  Naturelle.      Nouvelles  Archives.   Tome 

Vn.,  Vin.  4to.  Paris  1870-71.  The  Museum. 

Penzance ; — Eoyal  Geological  Society  of  Cornwall.    The  66th,  67th,  and 

68th  Annual  Eeports.  8vo.  Penzance  1872.  The  Society. 

Quebec : — Literary  and  Historical  Society.     Transactions.    Session  of 

1871-72.  8vo.  Quebec  1872.  The  Society. 

St.  Petersburg  : — Academic  Imp^riale  des  Sciences.    Memoires.  Tome 

XVn.  No.  11,  12;   XVin.  No.  1-7.     BuUetin.   Tome  XVH. 

No.  1-3.  4to.  1871-72.  The  Academy. 

Turin  : — ^E.  Accademia  delle  Sdei^se.   Atti.  Vol.  VII.   disp.  1-7.  8vo. 

Torino  1871-72.     ^  The  Academy. 

Upsala : — Universitet.  Arsskrift,  1871 .  8vo.   Upsala,    The  University. 
Vienna : — K.  Akademie  der  Wissenschaften.     Denkschriften.      Band 

XXXI.   4to.    Wien  1872.     Sitzungsberichte.    Math.-nat.  Classe, 

ErsteAbth.  BandLXIV.  Heftl^.     ZweiteAbth.  BandLXIV. 

Heft  3-6.     Phil.-hi8t.  Classe,  Band  LXVIH.  Heft  2-4 ;   Band 

LXTX.  Heft  1-3.  8vo.  1871.  The  Academy. 


Observations,  Eeports,  &c. 

Cape  of  Good  Hope.  Eoyal  Observatory.  Eesults  of  Astronomical 
Observations  made  in  the  years  1857,  1868,  reduced  by  E.  J, 
^fone,  F.B.8.  8yo.  Cajpe  Town  1872.  "E.  5.^\«u^,^:e.,^, 


88  PraenU.  [Not.  81, 

Observations,  Beports,  &c.  (tontinued). 
London : — Army  Medical  Depoitment.    Bepoit  for  the  jear  1870- 
Vol.  XII.  8vo.  Lwdon  1872.  The  Department. 

Kitasfa  Mnsenin.  Catalogue  of  the  SpecimenB  of  Hemiptera  Hete- 
roptera  in  the  Collection  of  the  British  Museum,  by  F.  Walker. 
Part  6.  Syo.  1872.  Appendix  to  the  Catalogue  of  Shield  Bep- 
tOes :  Part  1,  by  J.  E.  Gray.  4to.  1872.  The  TraBtees. 

Incorporated  Law  Society,  Catalogue  of  the  M^idham  Collection  of 
Books  and  Pamphlets.  8to,  Lottdon  1871.  The  Society. 

Meteorological  Oflice.  Daily  Weather  Beports.  Jan.-Jtme  1872. 
fol.  Quarterly  Weather  Beport.  Part  1.  Jan.-March  1871.  ■Wo. 
1872.  Discussion  of  the  Meteorology  of  the  part  of  the  Atlantic 
lying  north  of  30°  N.  for  the  eleven  days  ending  8th  of  Feb- 
ruary, 1870.  Charts  and  Diagrams.  4to.  1872.  January  Chart  of 
Meteorological  Data  for  No.  3  Square.  Bemarhs  to  accompany 
Monthly  Charts.  4to.  1872.  Beport  of  the  Meteorol<%ical  Com- 
mittee of  the  Eoyal  Society  for  the  year  ending  31st  December, 

1871.  8to.  1872.  The  Office. 
Boyal  College  of  Surgeons.    Calendar,  July  11, 1872,  8to,  Londim. 

Annual  Beport  of  the  Conserrator  to  the  Museum  Committee. 

8ro.  1872.  The  College. 

University  College.  Calendar,  Session  1873-73,  8vo,  London  1872. 

TheCoU^. 
Veterinary  Department.    Beport  for  the  year  1871.  fol.  Londott 

1872.  The  Department. 
Melbourne  : — Observatory.     Eighth  Beport  of  the  Board  of  Visitors. 

fol.  1872.  The  Board  of  VisitOTB. 

Oxford : — Badcliffe  Observatory.  Besults  of  Astnmomical  and  Meteo- 
rological Observations  made  in  the  year  1869  under  the  saperin- 
tendence  of  the  Eev.  E.  Main.  Vol.  XXIX.  roy.  Svo.  Oa^ford 
1872.  The  Badcliffe  Trusteea. 

Southampton : — Ordnance  Survey  Office.  Ordnance  Survey  of  the  Pe- 
ninsula of  Siim  made  by  Captains  C.  W.  Wilson  and  H.  S.  Palmar 
under  the  direction  of  Sir  Henry  James,  Fart  1,  Account  of  the 
Survey ;  Part  2,  Maps,  Plans,  and  Sections ;  Part  3,  Phot<^rapliic 
Views.  In  5  vols,  fol.  Southampton  1869. 

The  First  Commissioner  of  H.M.  Works,  Ac 


Anderson  (J.)  The  Strength  of  Materials  and  Structures,  12mo.  Lon- 
don 1872.  The  Author. 

Attfield(J.)  Chemistry:  Gkneral, Medical, and  FharmaceuHcal;  including 
the  Chemistry  of  the  British  Pharmacopceia.  Fourth  Edition,  Svo. 
Lonthn  1872.  The  Author. 
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Baily  (W.  H.)  Figures  of  Characteristic  British  Fossils,  with  Descrip- 
tive Bemarks.  Part  1-3.  8vo.  London  1867-71.  The  Author. 

Darwin  (C),  F.E.S.  The  Expression  of  the  Emotions  in  Man  and 
Animals.  12mo.  London  1872.  The  Author. 

Fayrer  (J.)  The  Thanatophidia  of  India,  being  a  Description  of  the 
Venomous  Snakes  of  the  Indian  Peninsula,  fol.  London  1872. 

The  Author. 

Monro  (Alex.),  F.E.S.  The  Structure  and  Physiology  of  Fishes  ex- 
plained and  compared  with  those  of  Man  and  other  Animals,  fol. 
Edinburgh  1785.  Dr.  W.  T.  Iliff. 

Ormerod  (E.  L.),  F.E.S.  Clinical  Observations  on  the  Pathology  and 
Treatment  of  Continued  Fever.  8vo.  London  1848.  British  Social 
Wasps :  an  Introduction  to  their  Anatomy  and  Physiology,  Archi- 
tecture, and  General  Natural  History.  12mo.  London  1868. 

The  Author. 

Owen  (Prof.  E.),  F.E.S.  On  the  Carpal  Copulatory  Spines  (or  supposed 
Horn)  of  the  Iguanodon.  4to.  London  1872.  The  Author. 

Pole  (Wm.),  F.E.S.  Iron  as  a  Material  of  Construction.  12mo.  London 
1872.  The  Author. 

Bomsay  (A.  C),  F.E.S.  The  Physical  Geology  and  Geography  of  Great 
Britain.  Third  Edition.  8vo.  Loyidon  1872.  The  Author. 

Miiller  (F.  Max)  Eig-Veda-Sanhita,  the  Sacred  Hymns  of  the  Brah- 
mans,  together  with  the  Commentary  of  Sayanacharya.  Vol.  V.  4to. 
London  1872.  The  Secretary  of  State  for  India. 


Engraved  Portrait  of  Eear-Admiral  Sir  James  Clark  Eoss,  D.C.L., 
F.E.S.,  from  the  original  picture  by  Stephen  Pearce,  in  the  Eoyal 
Hospital,  Greenwich.  Admiral  Ommanney,  F.E.S. 
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Report  of  the  Kew  Committee  for  tlie  Fifteen  Months 

ending  October  31,  1872. 

The  Kew  Obseiratoiy  was  handed  over  to  the  President  and  Council  of 
the  Bojal  Society  by  the  General  Committee  of  the  British  Association 
at  the  Edinburgh  Meeting  in  1871.  Since  that  time  the  operations  of 
the  establishment  have  been  conducted  under  the  directions  of  the  Com- 
mittee nominated  by  the  President  and  Council  of  the  Eoyal  Society. 

The  most  important  modifications  which  have  been  made  in  the  staff 
of  the  Observatory  have  been : — first,  the  appointment  of  Mr.  Samuel 
Jeffery  as  Superintendent,  in  the  place  of  Dr.  Balfour  Stowart,  F.11.S., 
who  had  resigned  his  office  previous  to  the  severance  of  the  connexion 
between  the  Observatory  and  the  British  Association ;  and,  secondly, 
the  resignation  of  Mr.  Eobert  Beckley,  who  had  been  for  nearly  eighteen 
years  Mechanician,  such  an  official  being  no  longer  required.  His  con- 
nexion with  the  Observatory  is  not,  however,  entirely  at  an  end,  for  he 
has  been  appointed  Consulting  Mechanician  with  a  retaining  fee  of  Ten 
Pounds  per  annum. 

Mr.  Robert  H.  Scott,  F.E.S.,  has  consented,  at  the  request  of  the 
Committee,  to  act  as  their  Honorary  Secretary. 

Magnetic  Work, — The  series  of  automatic  records  of  the  several  Mag- 
netographs,  viz.  Declinometer,  Horizontal  Force,  and  Vertical  Force  instru- 
ments, have  been  continued,  and  the  independent  absoluto  determinations 
have  been,  as  usual,  made  monthly.  This  latter  duty  has  been,  as  hereto- 
fore, performed  by  Mr.  O.  M.  Whipple,  B.Sc,  first  Assistant,  who  also 
takes  charge  of  the  General  Magnetic  Work,  in  which  he  has  the  assist- 
ance of  Mr.  CuDum.  The  salaries  of  these  two  gentlemen,  whose  time 
is  chiefly  devoted  to  magnetic  work,  amounted  diuing  the  period  under 
consideration  to  jCd08  2«.  6(f.,  leaving  a  balance  of  about  X300  out  of  the 
sum  of  £600  received  from  the  Eoyal  Society  to  meet  the  general 
expenses  (£2084  12«.  M.)  of  the  Observatory.  £767  I85.  6rf.  of  this 
amount  has  been  defrayed  by  the  Meteorological  Office  and  other 
sourcesi  such  as  the  £300  received  for  the  payment  of  arrears  from  the 
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A^ssodatioii  (the  greater  part  of  which  has  been  abeadj  ex- 
fees  for  verification  of  instruments,  and  payments  for  new 
mts  for  foreign  observatories,  leaving  a  balance  in  hand  of 
&d,  on  the  31st  of  October. 

!»te  of  the  Magnetic  Beductions,  as  exhibited  in  the  Beport  of 
Lsh  Association  for  1871,  remains  unaltered,  with  the  exception 
ftbulations  of  Declination,  which  have  been  extended  to  the  end 
rear  1871.  The  discussion  of  the  results  has  been  undertaken 
hairman  of  the  Committee,  Sir  E.  Sabine,  who  has  made  arrange- 
OT  the  constant  attendance  at  Kew  since  November  1871  of  two 

8  of  the  Eoyal  Artillery  who  were  formerly  located  in  his  office  at 
;h.  Accommodation  has  been  provided  for  them  at  Kew  by 
dng  off  a  portion  of  the  Transit  Koom. 

-ologuxd  Work, — ^The  several  self-recording  instruments,  register- 
sctively  the  Pressure,  Temperature,  Vapour-tension,  Eainfall,  and 
Give  been  maintained  in  constant  action  under  the  superintendence 
?.  W.  Baker,  second  Assistant,  aided  by  Mr.  Foster ;  and  the 
ndard  eye  observations  for  control  of  the  photographic  records 
n  made  regularly. 

istrumental  traces  with  hourly  tabulated  values  are  sent  monthly 
ieteorological  Office  as  in  former  years.    The  Barograms  andTher- 

9  are  printed  off  in  duplicate,  and  one  copy  is  preserved  at  Kew. 
rds  the  Anemograms  and  Bain-records,  the  copy  has  been  ob- 
f  the  method  of  tracing. 

iition  to  the  regular  work  of  Kew  as  a  Magnetical  and  Meteoro- 
^bservatory,  the  duty  of  examining  and  checking  the  work  of  all 
tt  Self-recording  Observatories  in  connexion  with  the  Meteoro- 
)ffice  has  been  carried  on  in  accordance  with  the  method  described 
©port  of  the  British  Association  for  1869.  This  portion  of  the 
B  been  performed  by  Messrs.  Page  and  Bigby. 
oly  change  as  regards  the  Meteorological  Instruments  has  been 
ir  of  the  shafts  which  connected  the  Anemograph  on  the  Dome 
3  registering  apparatus.  About  the  middle  of  June  it  was  dis- 
that  the  old  tubular  shafts  were  split,  and  they  were  therefore 
\  by  new  ones. 

heliograph, — This  instrument  was  regularly  worked,  as  in  former 
p  to  the  end  of  February  1872,  at  which  epoch  the  period  expired 
as  originally  fixed  by  Mr.  De  La  Bue  for  the  continuance  of  the 
ions  at  the  expense  of  the  Boyal  Society  Government-Grant 
The  observations  were  afterwards  carried  on  up  to  the  end  of 
with  the  object  of  fully  including  ten  years.  The  measurements 
actions  of  the  sun-pictures  have  been  continued  at  the  expense 
De  La  Bue,  and  will  be  completed  during  the  ensuing  year, 
of  equal  parts,  15  feet  in  length,  has,  with  the  sanction  of  Her 
^s  Office  of  Works,  been  erected  temporarily  on  the  Pagoda  at 
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the  B07&I  Oardena,  Kew,  likewise  at  the  expense  of  Mr.  Be  La  Bue*. 
This  LB  b^ug  photcgnphed  by  the  Eew  Fhotoheliograph  for  the  purpose 
of  detemuniiig  the  optical  dietorfcioii  (if  any)  of  that  inatrument,  in 
order  to  furnish  the  final  corrections  to  the  reductionB  of  the  sun-pictorea 
made  with  it. 

A  Heliograph  for  Pulkowa  has  been  placed  in  the  Dome,  and  photo- 
graphs hare  been  taken  of  the  scale  in  order  to  determine  its  optical 
character.  This  instrument  has  since  been  removed;  but  the  stages  and 
preparations  for  future  instruments  remain  in  sibt,  and  will  be  used  tot 
testing  the  other  instruments  to  be  employed  for  the  obaerraticmB  of  the 
transit  o£  Venus. 

Since  March,  when  the  sun-photograms  were  discontinued,  eye  obB^<- 
vations  <^  the  son,  after  the  method  of  Hofrath  Schwabe,  have  been  made 
with  a  telescope  of  2|  inches  aperture  (lent  by  Sir  E.  Sabine)  by  Mr. 
Foster,  in  order  that  the  observationa  for  connecting  sun-spots  with 
magnetac  phenomena  might  not  drop  through  until  photographic  records 
are  taken  up  on  a  permanent  foodng. 

Bketrometer. — This  instrument,  designed  by  Sir  W.  Thomson,  FJB.8., 
was  provided  by  the  Meteorological  Committee  in  1869,  but  has  nerer 
been  systematically  in  operation.  It  was  dismounted  early  in  the  year, 
in  order  to  be  removed  to  another  position.  Previous  to  its  re-«rectaon 
some  modifications  are  required ;  and  accordingly,  on  a  recent  visit  to 
London  of  the  maker,  Mr.  White,  of  Glasgow,  that  gentleman  came 
down  to  Kew  (September  28)  and  removed  a  considerable  portion  of  tbo 
apparatus  in  order  to  effect  the  necessary  alterations  at  home. 

Verifieatiotu. — This  department  of  the  Observatory  has  been  in  full 
activity  during  the  year.  The  following  Magnetic  Instruments  have  been 
veiified  to  obtain  new  constants : — 

A  Unifilar  for  the  North-American  Boundary  Commission. 

A  Unifilar,  a  Dip-circle,  and  Fox's  Instrument,  for  H.M.S. 'Challenger,' 
the  first  two  having  been  formerly  used  on  board  H.M.S.  'Nassau.* 

*  I>iibar«emgntB  by  Mr.  Warren  DsLaBue  from  Februu7  to  October  31, 1872: 

£    I.    A    £.    t.   d. 
Paid  to  Hr.  Loewj  for  meaBuring  iind  reducmg  the  position  of 

apote  to  ttie  end  of  October    75    0    0 

.,      Hr.  Whipple  for  am  meuurementa 20    0    0 

96    0    0 

„      Hr.  Munto  for  Scale    30    7    6 

„      Hr.  Jeffery  for  erection  of  tbo  Scale 20    0    0 

50    7    6 

Hr.  Whipple  for  Chemioals   10    0    0 

.,  „  Fholographing  Scale     5    0    0 

„      Huddand  Son  for  experimenU  with  Dr;  Plates 2    3    6 

Hr.  T.  Coleman  for  Photogr«phic  Printing 0  1&    6 
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In  addition  a  considerable  number  of  Instraments  have  been  ordered 
on  oommiBflion  for  Beveral  foreign  and  other  observatories,  and  trans- 
mitted to  their  respectiye  destiaations  after  verification  at  Kew.  The 
list  is  as  follows : — 

A  complete  set  of  Magnetographs,  on  the  pattern  of  the  Kew  instru- 
ments, for  Prof.  G.  Jelinek,  Director  of  the  Central-Anstalt  fiir 
Meteorologie  und  Erdmagnetismus,  Hohe  Warte,  Vienna. 

A  XJnifilar  for  Prof.  Iwan  Smimow,  Kasan. 

A  Unifilar  for  Prof.  Balfour  Stewart,  F Jl.S.,  Owens  College,  Man- 
chester. 

A  IHp-circle  for  the  Survey  Office,  Lisbon. 

A  IHp-circle  for  Prof.  Karlinski,  Observatory,  Cracow. 

A  IHp-circle  for  Prof.  Balfour  Stewart,  F JI.S.,  Owens  CoU^e,  Man- 
chester. 

2  IHp-needles  for  Prof.  Jelinek,  Vienna,  together  with  alterations  to 
4  others  connected  with  a  Bepsold's  Dip-circle. 

The  Meteorological  Instruments  which  have  been  verified  have  been  as 

follows : — 

Barometers,  Standards    34 

„  Marine  and  Station    73 


107 

Aneroids 17 

Thermometers,  Ordinary  Meteorological  . .  1219 

„            Boiling-point  Standards    . .  31 

„            Mountain  16 

Clinical   1395 


2661 

In  addition,  12  Standard  Thermometers  have  been  calibrated  and 
divided  at  Kew,  and  12  Maximum  and  12  Minimum  Thermometers  have 
been  verified,  the  latter  being  tested  down  to  the  freezing-point  of 
mercury.  These  instruments  have  been  ordered  by  Mr.  G.  T.  Kingston 
for  the  meteorological  organization  of  the  Dominion  of  Canada. 

Hydrometers 12 

The  following  miscellaneous  instruments  have  also  been  verified  : — 

TheodoHte 1 

Sextants 3 

Cathetometer  Scale     1 

Bain-gauge 1 ,    with  2  graduated  glasses. 

Evaporating  Dish   1,    'wiih  1  graduated  glass. 

Bobinson's  Dial  Anemometers  .  4 

An  Anemometer,  of  a  similar  construction  to  U\e  matrvww^iiU  \y6\o\\^^ 
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to  the  Meteorolo^cal  Committee,  but  modified  by  Mr.  Beckley,  oa  the 
Buggestion  of  Mr.  De  La  Bue,  so  aa  to  express  the  velocity  by  hourly 
traces,  the  pencil  returning  at  the  expiration  of  each  hour  to  the  zero- 
line,  and  also  to  admit  of  a  range  to  the  extent  of  100  miles  in  the  hour, 
baa  been  tested  and  found  to  work  satisfactorily. 

Tarious  other  Anemometers  of  different  conetnictionB  have  been  under 
experiment ;  but  from  the  limitation  of  the  space  forming  the  Observatory 
garden,  by  trees,  &c.,  it  was  not  practicable  to  test  thoroughly  th^  re- 
spective merits. 

Waxed  paper  for  photographic  purposes  has  been  supplied  to  the  India 
Office  (2J  reams),  the  Meteorological  OfGce  (5  reams),  and  the  Lisbon 
Observatory  (J  ream). 

IrvlrtKtifm  in  the  use  of  Magnetical  or  Meteorologies  Instruments  has 
been  given  to  the  following  gentlemen : — 

Prof.  H.  F.  Blanford,  Meteorological  Beporter  to  the  Government  of 
Bengal,  in  Meteorological  work. 

The  Right  Bev.  the  Bishop  of  Bupert's  Land,  in  Meteorological  work. 

Charles  Carpmael,  Esq.,  B.A.,  Assistant  to  Mr.  Kingston,  Magnetic 
Observatory,  Toronto,  Canada,  in  both  Magnetical  and  Biet^orologica] 
work. 

Three  Officers  of  the  Iforth-American  Boundary  Commission,  In  Mag- 
netical work. 

Three  Officers  of  H.M.S,  '  Challenger,'  in  Magnetical  work. 

I<Mtn>.ments  and  Apparatm. — The  several  pieces  of  Apparatus  Ac. 
enumerated  in  the  Inventory  (Appendix  II,  of  the  Eeport  of  the  British 
Association,  1871)  have  been  handed  over  to  the  Xew  Committee,  and 
are  in  their  charge. 

In  the  month  of  July  instructions  were  received  from  the  Foreign 
Office  to  deliver  to  Capt.  Anderson,  B.E.,  an  officer  attached  to  the 
Korth-American  Boundary  Commission,  the  Magnetic  Instruments  used 
by  the  previous  Commission,  which  had  been  deposited  at  Kew  by  the 
late  Major  B,  W.  Haig,  B.A.  Accordingly  the  following  iustrumente 
were  ^ven  up  to  Capt.  Anderson : — A  portable  Unitilar,  a  Dip-drcle, 
uid  an  Azimuth  Compa.ts. 

The  last-named  instrument,  although  deposited  by  Major  Haig,  was 
not  mentioned  in  the  letter  from  the  Foreign  Office,  and  it  was  therefore 
issued  to  Capt.  Anderson  on  loan. 

The  Dip-circle  mentioned  in  the  last  Kew  Beport  of  the  British 
Association  has  been  lent  to  His  Excellency  Major-General  Lefroy, 
Governor  of  Bermuda. 

A  portAble  Dip-instrument,  which  had  been  lent  to  the  Astronomer 
Boyal  tor  a  brief  period,  has  been  returned  by  him. 

Bidldiftffg. — Some  slight  alterations  have  been  made  in  the  main 
buildings  in  order  to  afford  additional  accommodation. 

A  gtnal}  closet  in  the  Testing-room  has  been  con\eTte4  mlo  &  WMrfnTv, 
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An  office  has  been  provided  for  the  two  Sergeants,  B.A.,  who  attend 
at  Kew,  as  already  reported,  by  the  subdivision  of  the  old  Transit  Eoom 
about  nddway  with  a  panel  partition.  The  expense  of  this  alteration 
has  been  defrayed  by  Sir  E.  Sabine. 

The  roofs  of  the  two  outer  Magnetic  houses  have  been  re-covered  with 
felt,  as  it  was  found  that  they  could  not  be  kept  perfectly  water-tight  by 
a  coating  of  tar. 

Early  in  the  year,  on  the  application  of  the  Committee,  H.M.'s  Office 
of  Woods  and  Forests  sent  workmen  to  clean  and  paint  the  interior  of  the 
Observatory,  as  far  as  the  ground-floor.  This  work  has  been  finished, 
and  the  Office  has  undertaken  to  complete  the  basement  story  in  the 
course  of  the  next  year. 

Library, — ^The  Books  enumerated  in  Appendix  III.  to  the  Beport  of 
the  Kew  Committee  of  the  British  Association  for  1871  have  been  left 
at  Kew. 

A  most  valuable  donation  was  received  iu  July  from  the  Committee  of 
the  AthensDum  Club,  consisting  of  77  volumes  of  books,  chiefly  Qreen- 
wich  Observations. 

From  Sir  E.  Sabine  a  number  of  volumes  of  the  4to  Magnetical 
and  Meteorological  Besults  from  the  Colonial  Observatories  have  been 
received ;  and  also  a  very  considerable  amount  of  MS.  documents,  in- 
cluding, among  others,  the  original  observations  from  which  the  printed 
results  above  mentioned  have  been  derived. 

A  large  number  of  valuable  books  have  been  deposited  at  Kew  by  Sir 
E.  Sabine,  who  has  intimated  his  intention  to  present  them  ultimately  to 
the  Observatory  as  a  foundation  of  a  Library. 

Staff, — The  Staff  employed  at  Kew  is  as  follows: — Mr.  Samuel 
Jeffery,  Superintendent ;  Q-.  M.  Whipple,  B.Sc,  First  Assistant ;  T.  W. 
Baker,  Second  Assistant;  F.  J.  Page,  A.  J.  Bigby,  J.  E.  Cullum, 
J.  Foster,  F.  Figg. 

The  last-named  gentleman  was  substituted  in  May  for  T.  Hill,  who 
had  resigned  in  April. 

Visitors, — The  Observatory  has  been  honoured  during  the  year  by  the 
presence  of  several  scientific  men  of  eminence ;  amongst  these  may  be 
mentioned : — 

Professor  E.  AUuard,  Clermont,  Puy  de  Dome,  Director  of  the 
Meteorological  Observatory  on  the  Puy  de  Dome. 

Professor  Guthrie,  F.B.S.,  with  twenty-five  Teachers  (Science  and  Art 
Department). 

M.  W.  de  Fohvielle,  on  behalf  of  the  Minister  of  Public  Instruction  in 
France,  to  inquire  into  the  subject  of  Lightning-conductors. 

M.  Q-.  Lemoine,  Secretary  of  the  Society  M^teorologique  de  France* 

M.  Otto  von  Struve,  Director  of  the  Imperial  Observatory  at  Pulkowa, 
Bussia,  with  reference  to  the  testing  of  the  Pulkowa  Photo- 
heWograph. 

The  Committee  append  to  the  Beport  a  statement  ol  t\i^  \,o^«X  ^Wife\^v 
snd  expenditure  of  the  Observatory  up  to  October  31,  \?>1^- 


Report  of  the  Kew  Committee. 
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December  5, 1872. 

Rear-Admiral  G.  H.  RICHARDS,  C.B.,  Vice-President,  in 

the  Chair, 

It  was  announced  from  the  Chair  that  the  President  had  appointed  as 
Yice-Presidents : — 

The  Treasurer. 
Mr.  Busk. 
Dr.  Hirst. 
Admiral  Richards. 
Dr.  Sibson. 

The  following  communications  were  read :— ^ 

I.  ''  Synthesis  of  Aromatic  Monamines  by  Intramolecular  Atomic 
Interchange/'  By  A.  W.  Hofmann,  M.D.,  LL.D.,  F.R.S. 
Received  August  22,  1872. 

In  a  paper  submitted  to  the  German  Chemical  Society  about  a  year 
ago,  we  proved  (Dr.  Martins  and  myself*)  that  the  action  of  methyUc 
alcohol  on  aniline  chlorhydrate  at  a  high  temperature  and  under  pressure, 
far  from  yielding  exclusively  methyl-  and  dimethylaniline,  as  had  been 
formerly  believed,  is  capable  of  causing  methylation  of  the  phenyl  group, 
and  thus  producing  quite  a  series  of  higher  homologues  of  dimethylaniline. 

If  we  endeavour  to  gain  an  insight  into  the  mechanism  of  this  reaction, 
we  are  led  to  assume  that  in  the  first  instance  the  chlorhydric  add  of  the 
aniline  salt  gives  rise  to  the  formation  of  methylic  chloride,  which  in  its 
turn  induces  substitution,  first  in  the  ammonia  fragment,  and  ultimately 
in  the  phenyl  group  itself.  If,  on  the  other  hand,  we  remember  that  a 
tertiary  monamine,  such  as  must  be  formed  by  the  final  methylation  of  the 
ammonia  fragment  in  aniline,  when  submitted  to  the  action  of  an  alcohol 
chloride,  is  invariably  converted  into  an  ammonium  compound,  it  must 
appear  rather  strange  that,  in  the  process  above  alluded  to,  only  tertiary, 
and  never  any  quartary  bases  are  observed. 

Under  these  circumstances  the  idea  very  naturally  suggested  itself  of 
submitting  the  behaviour  of  quartary  compounds  at  a  high  temperature 
under  pressure  to  an  experimental  investigation. 

The  simplest  compound  that  could  be  selected  for  such  an  inquiry 
appeared  to  be  trimethylphenylammonium  iodide. 

C.H..CH..CH,.CH.NI. 
Reserving  for  a  future  communication  the  experimental  details  of  this 

*  Hofinann  and  Martius,  Beriohta,  1871,  p.  742. 
roz. 
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inquiry,  I  will  limit  myself  for  the  present  to  &  brief  stetement  <£  the 
principal  results  obt^ned. 

Leaviug  secondary  reactions  out  of  consideration,  the  ttansformBticm 
of  the  trimethyUted  phenylftmmonium  iodide  is  represeated  by  th« 
following  equations : — 

Transformation  of  quortary  into  tertiary  compound. 

C,H,.CH,.CH,.CH,.NI=(C,H,.CH,)CH,.CH,N.HL 

Transformation  of  tertiary  into  secondiuy  compound. 

(C.  H, .  CH.)  CH, .  CH, .  N .  HI=  [C,  H,  (CH,),]  CH, .  HN .  HI, 

Transformation  of  secondary  into  primary  compound. 

[C,  H,  (CH,),]  CH. .  HN .  HI = [C,  H,  (CH,).]  HUN .  HI. 

Accordingly  trimethyUted  phesylammonium  iodide,  when  Bubmitt«d 
to  the  action  of  heat,  is  tnmsformed,  in  the  first  place,  into  iodhydrate  (rf 
dimethylatod  methylophenjlamine  or  dimethyltoluidine ;  this,  in  &  second 
phase  of  the  reaction,  becomes  iodhydrat«  of  monomethylated  dime- 
thylophenylamine  or  methyl  xylidine,  which  in  its  turn  is  iiltlnut«ly  cwi- 
verted  into  iodhydrate  of  trimethylophenylamine,  i.  e.  of  cumidine.  The 
essential  character  of  the  reaction  is  thus  seen  to  be  on  intnmolecnlar 
change  in  the  position  of  the  methyl  groups.  According  to  the  duntitm 
of  tho  process,  there  are  incorporated  in  the  benzol  nucleus,  Sret  the  meUi^ 
group  of  the  alcohol  iodide,  and  then  successiTely  the  two  methyHe 
groups  which  are  stationed  in  the  ammonia  fragment.  The  action  ol 
heat  on  the  quartary  ammonium  compound  thus  places  at  our  disposal  % 
simple  means  of  rising  from  the  benzol  series  it«e1f  to  the  toluol,  xylol, 
and  cumol  series,  or,  generally  (for  the  reaction  may  probably  be  utUiied  in 
many  other  cases),  of  passing  from  a  less  carbonated  to  a  more  carbonated 
series  of  compounds. 


In  carrying  out  the  researches,  the  general  results  of  which  are  sketcJied 
in  the  preceding  paragraphs,  rather  considerable  quantities  of  trimethy- 
lated  phenylammonium  iodide  were  consumed.  This  I  obttuned  partly 
by  methylating  pure  aniline  with  methyl  iodide,  partly  by  starting  from 
Gommerdal  dimethylaniline,  which  was  most  liberally  supplied  to  me  by 
my  friends  Drs.  Martius  and  Mendelssohn  Bartholdy,  having  been  spe- 
cially purified  for  this  purpose  by  Mr,  G,  Krell,  by  fractional  distillation 
in  the  laboratory  of  the  factory.  This  purified  material  woe  found  to  boU 
between  192°  and  200°;  and  only  few  rectifications  were  necessory  in  order 
to  obtain  from  it  dimethyoniline  in  a  state  of  perfectr  purity,  identical  in 
every  respect  with  the  base  prepared  by  submitting  trimethylated  phenyl- 
ammonium hydrate  to  distillation.  Pure  dimetbylaniline  is  a  liquid  of 
0-95£3  Folume weight,  solidifying  to  a  crystalline  moss  at  +  0°-5,and  boiling 
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«t  192^.  The  boiUn^point  was  repeatedlj  determined,  fiinoe  it  had  been 
entmeouslj  stated  by  M.  Laath*  to  be  202°.  The  nature  of  the  com* 
pound  was  ascertained  by  the  analysis  of  the  beautiful  platinum  salt 

2[C.H.(CH.),N.H01].Pta„ 

crystallizing  in  well-formed  tables  of  considerable  solubility. 

In  the  early  experiments  trimethylated  phenylammonium  iodide  was 
employed  in  the  pure  state,  such  as  is  obtained  by  crystallization ;  sub- 
sequently, however,  it  was  found  to  be  quite  sufficient  if  1  mol.  of  di- 
methylaniline  was  mixed  with  1  mol.  of  methyl  iodide,  and  the  compound 
thus  produced  at  once  submitted  to  the  action  of  heat. 

The  quartary  iodide  may  be  exposed  to  a  temperature  of  200^  for  a 
considerable  time  without  undergoing  any  alteration ;  but  when  heated 
for  a  day  to  from  220°  to  230°,  the  salt  is  changed,  the  whole  crystalline 
compound  being  transformed  into  an  amber-yellow  yiscid  mass,  exhibit- 
ing no  longer  a  trace  of  crystalline  structure.  If  the  temperature  be 
then  raised  to  the  melting-point  of  lead  (335°),  a  further  change  is  mani- 
fested by  the  amorphous  resinous  substance  having  solidified  again  to  a 
bard  mass  of  large  radiated,  generally  rather  coloured  crystals.  On 
opening  the  digestion-tubes,  appreciable  quantities  of  uninflammable  gas 
are  evolyed. 

The  products  formed  at  moderate  and  extreme  temperatures  essen- 
tially differ  from  one  another.  This  is  seen  at  once  when  the  iod- 
hydrates  produced  in  both  casos  are  decomposed  by  alkali,  and  the  bases 
thus  liberated  are  submitted  to  distillation  in  a  current  of  steam.  The 
volatility  of  these  bases  shows  the  absence  of  quartary  compounds ;  but 
whilst  the  monamines  formed  at  moderate  temperatures  unite  with  acids 
to  extremely  soluble  salts,  which  are  scarcely  to  be  crystallized,  those 
which  are  produced  at  high  temperatures  are  found  to  solidify  to  rather 
difficultly  soluble,  readily  crystaUizable  salts  with  adds.  The  former 
bases  exhibit  the  characters  (^  tertiary  and  secondaty^  the  latter  ones  those 
at  primary  monamines.  Under  these  circumstances,  it  appeared  desirable 
separately  to  examine  the  products  formed  in  different  conditions  of 
temperature. 

Stamination  of  the  Monamines  formed  at  moderately  High  Temperatures. 

On  submitting  the  iodhydrates  formed  at  220°-230^  to  distillation  with 
alkali,  a  basic  dl  is  obtained  which,  when  rectified  after  diying  over 
hydrate  of  potasnum,  boils  between  200°  and  280°.  By  repeated  ^stilla- 
tion  the  boiling-point  is  considerably  lowered,  small  quantities  of  sub- 
stances boiling  beyond  the  range  of  the  thermometer  being  separated. 
Knally,  by  far  the  greater  portion  of  the  bases  is  found  to  pass  between 
186*^  and  220°.    This  liquid  consists  of  two  varieties  of  dimethyltolui- 

*  lAuth,  Bull.  Soo.  Chim.  [2}  voL  vii.  p.  448. 
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dine,  of  methTlxrHdine,  snd  small  quantities  of  dimethTlxrlidine.  Of  tlie 
two  dimethTltoluidines,  the  one  hms  therc^  w.  0-932-1,  snd  boils  constantjj 
mt  186^;  the  other  hms  the toL w. 0-93dS, snd  boils  mt  205^l.^.  19^hig^ 
than  the  former  one.  The  nature  of  these  two  bases  was  fixed  by  the 
analjsis  of  their  platinum  salts, 

2r(C.H,.cH,)(CH3^x.Ha].Pta,, 

and  also  of  the  quartarv  iodide, 

(C.H..CH.hCH,).XI, 

into  which  thej  were  converted  bj  the  action  of  methyl  iodide,  and  the 
platinum  salts  corresponding  to  these  iodides, 

2[(C.  H^ .  CH,)  (CH,),  y  ni .  Pt  a,. 

The  two  dimethylated  toluidines  here  described  obnousljr  correspond 
to  two  of  the  three  modifications  of  toluidine,  and  very  probablj  to  the 
two  liquid  modifications.  Dimethjltoluidine,  obtained  bj  conTerdng 
solid  toluidine  into  the  trimethvlated  toluvlammonium  iodide,  and  then 
submitting  the  corresponding  hydrate  to  distillation,  has  a  toI.  w.  0'988y 
and  boils  at  210^.  The  substance  thus  obtained,  the  composition  of  whidi 
was  likewise  established  by  analysis  of  the  platinum  salt,  essentially  differs 
from  the  isomeric  base  boiling  at  186^ ;  it  is  less  easily  distinguished  from 
the  base  boiling  at  205°,  with  which  more  particularly  it  agrees  in  odour ; 
in  fact  these  two  compounds  exhibit  only  a  slight  difference  of  5^  in 
their  boiling-points.     Still  I  believe  them  to  be  isomeric,  not  identical. 

It  deserves  to  be  noticed  that  while  the  boiling-point  of  solid  toluidine 
(202^),  by  the  introduction  of  two  methyl  groups,  is  raised  by  8®,  the 
boiling  temperature  of  one  of  the  liquid  modifications  (198°)  is  lowered 
by  not  less  than  12°.  Phenomena  of  this  kind  have  been  observed  re- 
peatedly in  the  course  of  this  inquiry. 

It  has  been  already  mentioned  that,  in  addition  to  the  two  dimethylated 
toluidines,  the  product  of  the  action  of  heat  on  trimethylated  phenjl- 
ammonium  iodide  contains  methylxylidine.  I  have  not  been  able  to 
isolate  this  compound ;  but  it  was  not  difficult  to  prove  its  presence  by 
the  action  of  methyl  iodide  on  the  mixed  bases.  The  two  dimethylated 
toluidines  are  thus  converted  into  quartary  iodides ;  but,  together  with 
these  compounds,  there  is  formed  a  tertiary  iodhydrate,  the  base  of  whioh 
is  readily  scparatod  by  distillation  of  the  product  with  an  alkali.  The 
bawj  thus  liberated  has  the  vol.  w.  0-9293,  and  boils  at  196°.  Analysis 
of  the  platbum  salt  proved  it  to  be  dimethylated  xylidine, 

C,.  H,.  N= [C.  H,  (ai,)J  (CH,).  N, 

which  previous  to  methylation  must  have  obviously  existed  in  the  form 
of  mouomethylated  xylidine, 

C.  H„  N=[C.  H,  (CH,),]  CH, .  HN. 

The  presence  of  methylxylidine  being  only  indirectly  proved  by  analysis 
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of  the  dimethylated  base,  it  appeared  desirable  to  establish  the  nature  of 
the  latter  by  additional  experiments.  For  this  purpose  the  tertiary 
monamine  was  converted,  by  means  of  methyl  iodide,  into  the  quartary 
compound,  the  characters  of  which  could  not  be  mistaken,  its  composition 
being  moreover  established  by  analysis  of  the  beautiful  platinum  salt, 

2[C.  H,  (CH.) J  (CH.),  N  CI] .  Pt  CI,. 

In  performing  these  experiments  I  was  astonished  to  observe  how 
difficultly  dimethylxylidine  combined  with  methyl  iodide.  IMgestion  at 
100^  produced  no  effect,  and  only  by  heating  the  mixture  for  many  hours 
to  a  temperature  of  150^  combination  took  place,  but  even  then  only  to  a 
very  small  extent. 

It  was  this  iudifference  of  dimethylxylidine  towards  methyl  iodide 
which  enabled  me  to  discover  that  small  quantities  of  this  compound  are 
.always  formed,  together  with  the  monomethylated  xylidine,  when  tri- 
metiiylated  phenylammonium  iodide  is  submitted  to  the  action  of  heat. 
On  treating  the  liquid,  chiefly  consisting  of  the  two  dimethylated  toluidines 
and  of  monomethylated  xylidine,  with  methyl  iodide,  these  bases,  as  I 
have  pointed  out,  are  converted  into  iodine  compounds ;  the  small  quan- 
tity of  dimethylxylidiae  which  as  such  exists  in  the  liquid  remains  behind 
with  the  excess  of  methyUc  iodide,  from  which  it  may  easily  be  sepa- 
rated by  means  of  hydrochloric  acid. 

The  formation  of  dimethylated  toluidines  and  of  monomethylated  xyli- 
dine requires  no  special  explanation ;  it  is  due  to  intramolecular  atomic 
interchange. 

C,  H.  (CH.),  NI =(C.  H, .  CH.)  (CH,),     N .  HI. 

=[C.H,.(CH.)JCH.    HN.HI. 

For  the  generation  of  dimethylxylidine  it  is  necessary  to  supply  a 
methyl  group  from  without.  I  have,  however,  already  pointed  out  that, 
along  with  the  principal  transformation,  several  secondary  reactions  are 
taking  place;  those  I  hope  to  examine  more  minutely  by-and-by.  Di- 
methylxylidine, which  occurs  in  comparatively  small  quantity,  obviously 
belongs  to  such  a  secondary  change.  The  complementary  product  is  pro- 
bably monomethyltoluidine, 

2[C.  H.  (CH.).  NI]=(C,  H. .  CH.)    CH,   HN .  HI, 

+[C,H..(CH.)J(CH.).    N.HI, 

which  I  have  not,  however,  as  yet  been  able  to  trace. 

Whilst  engaged  with  these  experiments,  I  have,  for  the  sake  of  com- 
parison, converted  a  specimen  of  xylidine  obtained  from  aniline-oil  of 
high  boiling-point  into  dimethylxylidine.  The  xylidine  employed  had  a 
constant  boiliog-point  at  21 6°.  The  tertiary  base  procured  from  it  was  ob- 
served to  boil  at  203°,  t.  e,  7^  higher  than  the  compound  derived  from  tri- 
methylated  phenylammonium  iodide ;  frx)m  this  last  derivative  it  differed, 
moreover,  by  combining  much  more  readily  with  methyl  iodide.     The 
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quartary  compound  thus  formed  often  remains  liquid  for  days,  and  then 
suddenly  solidifies  into  a  beautiful  mass  of  crystals. 

ExamxnaHon  of  the  Monamines  formed  at  High  TemperatHrei. 

It  has  been  already  stated  that  the  bases  into  which  trimethylated 
phenylammonium  iodide  is  converted  at  very  high  temperatures  (melting- 
point  of  lead)  unmistakably  exhibit  the  character  of  primary  monamines. 
The  only  primary  base  which  can  arise  from  trimethylated  phenyl^ 
ammonium  iodide  by  intramolecular  atomic  interchange  is  a  trimethylo- 
phenylated  monamine,  t.  e.  a  cumidine. 

C.  H.  (CH,),  NI=[C.  H,  (CH,).]  H,  N .  HI. 

This,  I  may  at  once  observe,  is  indeed  the  principal  product  of  the  re- 
action. It  cannot,  however,  be  wondered  at  that,  under  the  influence  of 
such  extreme  temperatures,  many  collateral  changes  must  take  place. 
The  presence  of  by-products  is  at  once  perceived  when  the  crystalline 
contents  of  the  digestion-tube  are  submitted  to  distillation  in  a  current 
of  steam.  Together  with  the  vapour  of  water,  a  colourless  (m1  is  volati- 
lised, consisting  of  hydrocarbons  partly  solid,  partly  liquid,  the  examinar 
tion  of  which  will  form  the  subject  of  a  future  communication.  Addi- 
tion of  an  alkali  to  the  liquid  in  the  retort  liberates  considerable  qaanr 
tities  of  monamines,  which,  when  dried  over  sodium  hydrate,  are  observed 
to  boil  between  225^  and  260°.  By  repeated  distillation  t^  range  of 
boiling  is  still  considerably  expanded ;  at  the  same  time,  by  far  the  largest 
portion  of  the  liquid  is  found  to  pass  between  217°  and  230°.  The  primary 
nature  not  only  of  this  main  fraction,  but  also  of  the  bases  having  both  a 
lower  and  higher  boiling-point,  is  at  once  manifested  by  the  crystallizing 
power  and  insolubility  of  the  salts  which  they  produce.  At  whatever 
stage  of  the  distillation  a  drop  of  the  liquid  passing  be  mixed  with  dilute 
hydrochloric  or  nitric  acid,  invariably  splendid  needles  of  chlorfaydrates  or 
nitrates  are  formed,  the  solutions  of  which,  even  when  considerably  dir 
luted,  solidify  with  platinum  perchloride  to  double  salts  generally  well 
crystallized.  Another  experiment  rapidly  indicating  the  primary  character 
of  these  monamines  may  here  be  mentioned.  On  adding  benzoyl  chloride 
to  the  several  basic  fractions,  much  heat  is  evolved ;  and  after  cooling 
crystalline  masses  are  produced,  which  are  separated  by  water  into  soluble 
chlorhydrates  and  insoluble  benzoyl  compounds  which  may  be  crystallixed 
from  alcohol.  None  of  the  many  secondary  and  tertiary  monamines 
which  have  passed  through  my  hands  in  the  course  of  this  inquiry  exhibit 
this  deportment ;  and  accordingly  benzoyl  chloride  may  be  recommended 
aa  a  vidnable  reagent,  readily  applicable  for  primary  bases.  The  method 
of  recognizing  primary  monamines  which  I  pointed  out  some  time 
ago*,  and  which  consists  in  converting  them,   by  means  of  alcoholic 

*  Hofmann,  D.  chem.  Berichtc,  1870,  p.  767. 
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potash  mid  cMorofona,  into  tlie  powerfully  smelling  isonitriles,  mhf  also 
with  adyantage  be  resorted  to. 

The  liquid  boiHng  between  217^  and  230''  was  separated  by  distillation 
into  four  fractions,  each  of  which  was  then  converted  into  a  magnificently 
erystalline  dilarhydrate.  These  sereral  salts,  after  recrystaUisation,  were 
all  found  to  contain 

[0,H,(CH.)Jfl,N-Ha, 

and  to  yield  platinum  salt  of  the  composition 

2[[C.tt,(CH,)JH,N.Ha]  .Pt  CI,. 

I  was  thus  led  to  belieye  l^t  the  fraction  boiluig  between  217^  and 
230^  consisted  of  seyeral  isomeric  cumidines ;  but  on  separating  t^e  bases 
from  the  several  chlorhydrates,  it  was  found  that  they  all  exhibited  very 
nearly  the  same  boiling-point.  The  liquid  thus  obtamed  boiled  between 
225^  and  227*",  and  had  the  vol.  w.  0-9633 ;  it  did  not  solidify  when  ex- 
posed to  a  temperature  of  — 10°.  I  am  therefore  inclined  to  assume  that 
only  one  cumidine  is  formed  by  the  action  of  heat  on  trimethylated 
phenylammonium  iodide,  and  that  the  irregularities  in  the  boiling-point 
of  the  original  fraction  must  be  due  to  the  presence  of  small  quantities  of 
impurities. 

It  deserves  to  be  noticed  that  cumidine  obtained  from  aniline,  when 
heated  with  corrosive  sublimate,  yields  no  trace  of  red  colouring-matter, 
whilst  a  splendid  crimson  is  at  once  produced  if  a  mixture  of  this  base 
with  pure  aniline  be  treated.  I  reserve  for  a  future  communication  the 
study  of  the  colouring-matter  thus  obtained. 

Taking  into  consideration  the  general  observations  recorded  in  the  pr&> 
ceding  paragraphs,  the  compound  here  designated  as  cumidine  was  natu- 
rally assumed  to  be  a  primary  mouamine.  Little  doubt  as  this  conception 
appeared  to  present,  it  had  nevertheless  to  be  proved  by  experiment ; 
for  this  purpose  the  base  was  submitted  to  methylation.  CHiinidine  is 
roadOy  acted  upon  by  methyHc  iodide  at  ^e  common  temperattore.  Since 
it  was  cmly  necessary  to  establish  the  degree  of  substitution,  tiie  first 
product  of  methylation  was  at  once  submitted  to  a  second  treatment ; 
this  seccMid  methylation  likewise  commenced  at  the  common  temperature, 
but  had  to  be  finished  in  the  water-bath.  The  dimethylated  base  thus 
obtained  had  the  vol.  w.  0-9076 :  it  boiled  between  213°  and  214° ;  hence, 
in  Uiis  case  also,  the  insertion  of  two  methyl  groups  had  lowered  the 
boiling-point.  Dimeihylcumidine  may  be  cooled  to  — 10°  without  solidi- 
fying :  like  all  tertiary  monamines,  it  forms  very  soluUe  salts,  but  grv^es  al 
very  beautiful  platinum  salt,  containing 

2[[C.  H,  (CH.).]  (CH,),  N .  H  CI] .  Pt  CI,. 

Bemarkably  enough,  dimethylated  cumidine  exhibits  the  same  reluctance 
to  form  a  quartary  compound  with  methyl  iodide  that  has  already  been 
pointed  out  as  a  peculiarity  of  the  tertiary  xylidine.  But  whilst  in  the  case 
of  dimethylxyJidine,  though  difiScultly  and  sparingly,  com\5\w«iit\o\i  ^itftt 
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all  took  place ;  all  attempts  with  dimethylated  canudine  have  hitherto 
inied.  The  base  was  heated  with  methylic  iodide  for  days  in  the  water- 
bath,  and  ultimately  even  to  150^  without  any  result.  This  inability  of 
forming  quartary  compounds  must,  in  one  way  or  another,  depend  upaii 
the  arrangement  of  the  material  within  the  molecule.  At  all  events,  it 
deserves  to  be  noticed  that  there  are  dimethyhited  zylidines  and  cumi- 
dines  which  readily  combine  with  methyl  iodide.  The  dimethylated 
bases  existing  in  the  less  volatile  fractions  of  commercial  dimet^ylanifine 
all  form  quartary  compounds  without  difficulty,  and  must  th^iefore  cor- 
respond to  xylidiaes  and  cumidines  which  differ  from  those  derived 
from  trimethylated  phenylammonium  iodide. 

In  what  relation  stands  the  cumidine  above  described  to  the  cumidines 
fdready  known  ?  Of  the  several  purely  methylic  cumidines  which  an 
possible,  two  only  are  somewhat  accurately  known ;  these  are  the  two  bases 
which  are  derived,  the  one  from  so-called  pseudocumol  (obtained  by  treating 
xylylic  bromide  and  methylic  iodide  with  sodium),  the  other  from  mesityloL 
The  former  cumidine  is  a  solid  fusing  at  62°,  and  need  not  therefore  be 
further  considered  here.  Most  probably  the  cumidine  above  described 
will  prove  identical  with  the  primary  monamine  corresponding  to  mesi- 
tylol.  Unfortunately  mesitylamine  has  been  hitherto  so  little  studied, 
that  even  its  boiling-point  is  not  known.  I  hope  next  winter  to  examine 
more  minutely  this  group  of  compounds. 

In  conclusion,  I  have  great  pleasure  in  expressing  my  best  thanks  to 
Mr.  E.  MyHus,  Assistant  in  the  Berlin  Laboratory,  for  the  zeal  and  care 
with  which  he  has  furthered  the  progress  of  these  researches. 

II.  ''  Transformation  of  Aniline  into  Toluidine.'*     By  A.  W.  Hof- 
mann, M.D.,  Ph.D.,  F.R.S.     Eeceived  August  22,  1872. 

Whilst  engaged  with  the  experiments  described  in  the  previous  paper, 
I  have  made  some  observations  which  I  may  be  allowed  briefly  to  mention 
to  the  Society,  since  the  coming  autumnal  vacation  will  suspend  woriL 
for  a  time. 

In  reviewing  the  experience  collected  as  to  the  action  of  high  tempe- 
ratures upon  trimethylated  phenylammonium  iodide,  the  questioii 
naturally  suggested  itself  whether  the  transposition  of  methyl  groups, 
such  as  it  occurs  in  the  quartary  compound,  would  take  place  also  on 
heating  tertiary  or  secondary  ammonium  salts.  Experiment  has  answered 
this  question  in  the  affirmative. 

Ghenerally  speaking  the  phenomena  are  exactly  what,  from  the  results 
of  former  observations,  might  have  been  expected.  It  is  my  intention  to 
study  next  winter  more  soundly  the  reactions  here  sketched  out ;  for  the 
present  I  may  be  permitted  just  to  allude  to  the  happy  solution  of  a 
problem  with  which  during  the  last  few  years  I  had  repeatedly,  bat 
always  unsuccessfully,  been  engaged. 
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Salts  of  metiiylflxulme  (experiments  were  made  with  the  chlorhjdrate 
and  iodhydrste)  may  be  heated  to  220°  or  230°  for  hours  without  under- 
gdmg  any  alteration ;  but  if  the  temperature  be  raised  to  the  melting- 
point  of  lead  (335°),  the  methyl  group  in  the  ammonia  fragment  passes 
oyer  to  the  benzol  nudeus,  methylaniline  being  converted  into  toluiduie. 

C,H,.OH,.HN.HCl«(C,H,.CH,)HHN.Ha 

It  is  not  necessary  for  this  purpose  to  prepare  methylaniline  in  the 
pure  state.  If  a  mixture  of  1  molecule  of  pure  aniline  chloriiydrate  and 
1  molecule  of  methylic  alcohol  be  heated  for  some  hours  to  230°-250°,  a 
yellow  transparent  resinous  mass  of  the  consistency  of  honey  is  formed, 
whidi  is  principally  methylaniline  chlorhydrate. 

CA.HHN.Ha  +  CH3.0H=C,H,.CH,.HN.Ha  +  H,0. 

After  a  day's  exposure  to  a  temperature  of  335°  the  contents  of  the 
digesiion-tubes  are  perfectly  altered.  In  place  of  a  transparent  viscous 
resin,  they  now  contain  a  solid  beautifully  crystalline  mass ;  the  secon- 
daiy  salt  has  been  converted  into  a  primary  one.  The  crystalline  mass, 
unless  the  temperature  has  been  too  high,  dissolves  in  water  almost 
without  a  residue ;  on  addition  of  alkali  to  this  solution  an  oUy  base  is 
separated,  which  rises  as  a  brownish  layer  to  the  surface  of  the  liquid. 
If  this  oQy  layer  be  distilled  in  a  current  of  steam,  a  colourless  liquid 
passes,  which,  partly  in  the  cooler,  partly  in  the  receiver,  solidifies  to  a 
white  crystalline  mass  of  toluidine.  There  are  but  few  secondary  pro- 
ducts formed  in  this  reaction. 

Toluidine  thus  obtained,  when  recrystallized  from  water,  has  the 

melting-point  45°.    Though  scarcely  necessary,  it  was  identified  by  a 

platinum  determination,  which  gave  the  value  corresponding  to  the 

formula 

2[(Ce  H/.  CH,)  H,  N .  Ha] .  PtCl,. 

It  deserves  to  be  noticed  that  methylaniline  iodhydrate,  when  heated 
like  the  chlorhydrate,  yielded  no  solid,  but  liquid  toluidine.  I  must  leave 
it  undecided  which  of  the  two  liquid  toluidines  was  formed  in  this  case. 

The  observations  rapidly  sketched  in  this  note  invite  to  new  experi- 
ments in  a  variety  of  directions.  Is  it  possible  to  obtain  by  similar  pro- 
cesses homologues  of  the  monamines  of  other  classes,  perhaps  even 
of  some  of  the  bases  contained  in  the  organism  "of  plants  and  animals  ? 
Already  I  have  commenced  the  study  of  naphthylamine,  the  behaviour  of 
which  will  be  particularly  interesting  in  more  than  one  respect.  According 
to  some  observations  published  upon  this  subject,  the  preparation  of 
methylated  naphthylamines  would  appear  to  present  some  difficulty ;  but 
by  working  at  moderate  temperatures,  mono-  and  dimethylated  naphthyl- 
amine, as  well  as  the  quartary  ammonium  base,  are  readily  procured. 
The  salts  of  these  compounds  are  remarkable  for  their  power  of  crys- 
tallization ;  I  have  not  yet  found  time  to  examine  their  behaviour  under 
file  influence  of  heat. 
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In  conclusion  I  may  obseire  also  that  the  secondary  products  of  the 
action  of  heat  upon  trimethylated  phenjlammonium  iodide  appear  to  be 
of  interest.  A  small  fractioh  of  the  bases,  generated  at  335^,  boils  at  a 
very  high  temperature ;  when  allowed  to  stand  for  some  time  this  £rae- 
tion  deposits  splendid  crystals  of  a  monamine  which,  according  to  Urn 
analysis  of  the  well-crystallised  chlorhydrate  and  platinum  salt,  contains 

C„H„N; 

and  the  constitution  of  which,  after  a  more  minute  examination,  wiB 
probably  prove  to  be  expressed  by  the  formula 

[C.(CH,).]H.N. 

Finally,  there  is  found  among  these  secondary  products  a  beautifully 
crystallized  hydrocarbon,  melting  at  136°,  and  boiling  bet^'een  230°  and 
240°.  Some  combustions  of  this  body,  which  require  coniSrmation,  lead 
to  the  simple  formula 

which  determination  of  the  gas  volume  weight  will  probably  raise  to 

May  this  hydrocarbon  actually  be  looked  upon  as  sexmethylated 
bensol  ?  If  so,  its  oxidation  promises  results  which  will  deserve  minute 
investigation. 

III.  '' Colouring-raatters  derived  from  Aromatic  Azodiamines.'' 
By  A.  W.  HoPMANN,  Ph.D.,  P.R.S.,  and  A.  Oetger,  Pb.D. 
Received  July  10,  1872. 

II.  Safranine^ 

Whilst  we  were  engaged  with  the  study  of  the  blue  colouring^matter 
produced  by  the  action  of  aromatic  monamines  on  asodiphenyldiamine 
our  attention  became  directed  to  a  beautiful  red  tar-pigment,  which  has 
been  known  for  some  time  by  the  commercial  name  of  Saf  ranine,  being 
extensively  used  as  a  substitute  for  safflower  in  dyeing  silk  and  cotton. 
Saf  ranine  has  not  as  yet  been  minutely  examined ;  but,  as  far  as  can  be 
judged  from  the  scanty  information  we  possess  regarding  its  production, 
it  is  scarcely  doubtful  that  this  important  dye  must  be  looked  upon  as 
being  the  derivative  of  an  azodiamine.  The  analysis  of  safranine  thus 
promised  to  throw  considerable  light  upon  the  naturo  of  the  compounds 
under  examination. 

The  starting-point  of  our  studies  was  the  dye  such  as  it  occurs  in  com- 
merce. The  greater  portion  of  it  was  supplied  to  us  by  Messrs. 
Tillmamis,  of  Oefeld.  Another  specimen  was  received  from  Dr.  J.Wolf, 
and  for  a  third  one  we  aro  indebted  to  our  friend  M.  Charles  GKrard, 
of  Paris.     Both  the  first-mentioned  specimens  were  assigned  to  us  as 
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produced  <m  ihe  large  Boale;  the  last  was  prepared  by  M.  GKrard 
himself. 

Saframne  oocnm  in  commerce  either  as  a  solid  body  or  en  pdte.  In 
the  solid  state  it  forms  a  yellowish-red  powder,  in  which,  together  with 
oonsideraUe  quantities  of  chalk  and  common  salt,  the  chlorhydrate  of 
a  tinctorial  base  may  be  recognized.  The  pure  dye  is  eaidly  sepa- 
rated firam  crude  safranine.  It  is  only  necessary  to  exhaust  t^e  com- 
mercial product  with  boiluig  water;  on  cooling,  the  filtrate  deposits 
a  sHghtly  crystalline  substance  which,  after  several  recrystallizations 
from  boiling  water,  leaves  no  residue  on  ignition.  During  these  opera- 
tions, however,  the  salt  undergoes  |)erceptible  alteration ;  with  every 
recrystallization  it  becomes  more  soluble  and  less  crystalline.  These 
alterations  depend  upon  the  separation  of  chlorhydric  add  from  the  salt. 
In  fact  the  percentage  of  chlorine  is  found  to  diminish  in  the  product  of 
successive  crystallizations  ;  thus  the  product  of  the  third  contained  8*48 
per  cent.,  that  of  the  fourth  crystallization  only  7*46  per  cent.  Addi- 
tion of  chlorhydric  acid  to  the  mother-liquors  at  once  reproduces  a 
crystalline  precipitate.  This  instability  of  the  chlorhydrate,  and  in  fact, 
as  may  even  now  be  stated,  of  the  salts  of  safranine  in  general,  has  very 
considerably  impeded  the  study  of  this  body,  and  often  materially  affected 
the  accuracy  of  the  analytical  results.  In  order  to  obtain  the  normal 
salt,  the  boiling  liquid  during  the  last  crystallization  had  always  to  be 
acidified  with  chlorhydric  add. 

Safranine  MorhydraU  separates  in  fine  reddish  crystals  from  the  add 
solution  on  cooling ;  an  appreciable  quantity  of  the  compound,  however, 
remains  in  solution.  The  salt  dissolves  both  in  water  and  alcohol,  more 
readily  when  hot  than  when  cold ;  it  is  insoluble  in  ether,  as  also  in  con- 
centrated saline  solutions.  The  alcoholic  solution,  like  the  aqueous,  is  of 
a  deep  reddish-yellow  colour ;  it  exhibits  a  peculiar  fluorescence,  which  in 
a  measure  recalls  that  of  Magdala-red.  Ether  predpitates  the  salt  from 
the  alcoholic  solution.  Numerous  analyses  which  we  have  made  of 
this  salt  lead  to  the  following  two  formula : — 

C,H„N,Cl«ndC„H„N.a, 

the  theoretical  values  of  which  agree  almost  equally  well  with  the  averages 
of  the  experimental  numbers.  We  were  doubtful  at  first  to  which  of 
these  two  formults  preference  should  be  given.  Indeed  the  assumption 
of  twenty  atoms  of  carbon  in  the  molecule  of  safranine  had  its  seductions  ; 
however,  the  values  of  the  second  formula  agree  perhaps  somewhat  better 
with  the  restdts  of  analysis.  Indeed  we  found  invariably  somewhat  less 
nitrogen  than  the  quantity  required  by  the  former  formula,  whilst  it  is 
well  known  that  the  volumetric  method  invariably  gives  an  excess  ;  so  that 
we  should  have  adopted  the  second  formula,  even  if  later  experiments  on 
the  preparation  of  safranine  had  not  altogether  excluded  the  fonner  one. 
Platinum  saU  of  safranine, — The  numbers  obtained  in  the  analysis  of 
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the  chlorhjdrate  are  confirmed  by  the  investigation  of  the  platinum  salt. 
This  compound  is  obtained  by  precipitating  a  solution  of  the  chlorhjdrate 
bj  excess  of  platinum  perchloride ;  dilute  hydrochloric  add  must  be  used 
to  wash  this  precipitate,  as  pure  water  appears  to  decompose  it.  The 
platinum  salt  forms  ajellowish-red  crystalline  powder,  nearly  insoluble  in 
water,  alcohol,  and  ether. 

If  the  salt  suspended  in  boiling  water  be  treated  with  sulphhydric  acid, 
sulphide  of  platinum  is  slowly  formed,  whilst  unaltered  chlorhydrate  of 
safranine  remains  in  solution.  The  analysis  of  the  salt,  dried  at  100^,  gave 
numbers  corresponding  to  the  formula 

2(C^H,,N;.HCl).PtCl,. 

Free  hose. — In  order  to  prepare  some  other  salts  of  safranine  it  was 
necessary  to  obtain  the  free  base.  Eemembering,  when  first  we  com- 
menced the  study  of  this  new  compound,  the  properties  of  the  tinctorial 
ammonias  in  general,  we  endeavoured  to  precipitate  the  base  from  the 
chlorhydrate  by  alkalies.  Ammonia,  however,  is  without  any  action  whai>- 
ever  on  salts  of  safranine ;  and  only  in  the  most  concentrated  solutions 
does  soda  produce  a  precipitate  which  immediately  redissolves  on  addition 
of  water.  This  precipitate  is  obviously  nothing  but  chlorhydrate  rendered 
insoluble  by  the  sodium  chloride  formed,  or  by  the  concentrated  soda 
solution.  Free  safranine  being  soluble  in  water,  there  remained  no  other 
process  for  liberating  the  base  than  treatment  of  the  chlorhydrate  with 
silver  oxide.  On  evaporating  the  deep  yellowish-red  coloured  liquid  ob- 
tained in  this  way,  a  deposit  of  red-brown  crystals  is  formed  on  cooling, 
which  while  moist  scarcely  differ  from  those  of  the  chlorhydrate,  but  when 
dried  at  100°  assume  a  greenish  metallic  lustre.  Pree  safranine  easily 
dissolves  in  water  and  alcohol,  but  is  insoluble  in  ether.  Addition  of 
chlorhydric  acid  to  the  aqueous  solution  at  once  reproduces  the  crystal- 
line chlorhydrate.  We  have  not  been  fortunate  enough  to  obtain  free 
safranine  in  a  state  of  perfect  purity ;  the  solution  invariably  retains  a 
small  quantity  of  silver  chloride,  which  separates  with  the  crystallising 
product ;  it  may  be  recognized  by  burning  the  base,  when  a  small  inoomr 
bustible  residue  is  left.  If  the  chlorhydrate  be  reproduced  from  the  free 
base,  so  much  silver  chloride  is  mixed  with  the  salt,  that  the  percentage 
of  chlorine,  found  on  analysis,  is  appreciably  raised.  An  estimation  of 
chlorine  in  the  chlorhydrate  thus  prepared  gave  10'8  per  cent,  instead 
of  9' 74.  Free  safranine,  however,  may  be  used  without  difficulty  in  the 
preparation  of  other  salts,  the  nitrate  for  instance. 

Safranine  nitrate  is  easily  obtained  when  an  excess  of  dilute  nitric  acid 
is  added  to  a  hot  aqueous  solution  of  the  free  base.  On  cooling  the 
salt  crystallizes  in  red-brown  needles,  which  are  very  insoluble  in  cold, 
but  readily  dissolve  in  boiling  water.  They  are  considerably  more  soluble 
in  alcohol  than  in  water.  The  nitrate  is  decidedly  less  soluble  than  the 
chlorhydrate ;  a  solution  from  which  the  latter  salt  has  been  thrown  down 
Jbjr  cblorhjrdnc  add  still  gives  a  precipitate  mtVi  mtne  «ydd. 
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The  analysis  of  the  nitrate,  dried  at  100°,  leads  to  the  formula 

Saframne  pierate, — We  have  finally  investigated  the  picrate.  It  is 
obtained  by  simply  adding  an  aqueous  solution  of  picric  acid  to  the 
mother-liquors  of  the  chlorhydrate  or  nitrate,  and  washing  the  precipitate 
thus  formed  with  water.  The  picrate  forms  red-brown  needles,  which 
are  insoluble  in  water,  alcohol,  and  ether. 

Analysis  gave  results  corresponding  to  those  obtained  in  the  in- 
vestigation of  the  chlorhydrate,  the  platinum  salt,  and  the  nitrate,  and 
leading  to  the  formula 

C„ H„  N,  0,=C,.  H,  N. .  C.  H,  (NO,),  O. 

We  have  no  further  analytical  data  to  offer  at  present.  A  brief  notice  of 
several  other  salts  we  have  prepared  may,  however,  still  be  appended. 

Strfranine  bromhydfxUe  is  deposited  on  addition  of  bromhydric  add  to  a 
solution  of  the  base  as  a  crystalline  powder,  consisting  of  microscopic 
needles,  which  are  so  insoluble  in  water  that  the  liquid  from  which  they 
have  been  precipitated  appears  almost  colourless.  The  salt  is  soluble  in 
boiling  water,  from  which  it  crystallizes  on  cooling.  It  is  worth  men- 
tioning that,  on  adding  bromine  water  to  a  solution  of  the  chlorhydrate, 
a  red  crystalline  precipitate  is  formed,  which  is  difficultly  soluble  in  cold 
virater,  but  may  recrystallize  from  boiling  water.  In  this  way  needle- 
shaped  crystals  are  obtained  which,  when  pure,  possess  a  green  metallic 
lustre.    They  have  not  yet  been  analyzed. 

The  iodhydrcUe,  as  regards  preparation  and  properties,  is  perfectly 
similar  to  the  bromhydrate. 

The  mdphaU  of  saframne  ia  a  rather  soluble  salt ;  only  in  the  most 
concentrated  aqueous  solution  of  the  base  is  a  precipitate  produced  on 
addition  of  dilute  sulphuric  add ;  the  salt  dissolves  on  heating  the  liquid, 
and  is  again  deposited  on  cooling  in  the  form  of  fine  needles. 

The  oaxdaU  behaves  very  similarly,  but  is  a  little  less  soluble  than  the 
sulphate ;  with  acetic  add  the  base  gives  no  predpitate ;  by  spontaneous 
evaporation  the  acetate  separates  in  rather  indistinct  crystals. 

All  the  salts  of  saframne  exhibit  a  very  characteristic  reaction;  on 
adding  chlorhydric  or  sulphuric  add  to  the  solution  of  the  salt,  the 
red-brown  colour  of  the  liquid  changes  to  a  beautiful  violet,  which,  on 
addition  of  more  add,  becomes  a  deep  blue,  then  a  dark  green,  and  finaUy 
a  bright  green ;  if  the  add  liquid  be  slowly  diluted  with  water,  these 
changes  of  colour  may  be  observed  in  inverse  order. 

It  need  scarcely  be  mentioned  that  in  the  course  of  this  investigation 
our  attention  has  been  repeatedly  directed  towards  the  preparation  of 
saframne ;  it  may,  however,  at  once  be  stated  that  our  experiments  on 
this  subject  have  yielded  but  scanty  results.  As  yet  but  little  is  known 
regarding  the  preparation  of  safranine  on  a  large  scale.    According  to  a 


"fm 


60  Colourinff-maiiers  from  Aromatic  Azodiamine$.       [Dec.  6, 

brief  notice  published  bj  Men^*,  safranine  is  obtained  bj  treating  aniHne 
successively  with  nitrous  and  arsenic  adds ;  this  process  rery  dosdj 
agrees  with  the  method  by  which  M.  GKrard,  as  he  informs  us,  has  pre- 
pared the  specimen  transmitted  to  us.  We  have,  moreover,  to  thank  M. 
Girard  for  pointing  out  that  aniline  of  a  very  high  boilizig-point  is 
especially  adapted  to  the  preparation  of  safranine. 

After  some  practice  we  have  been  able,  by  working  according  to  theie 
indications,  to  obtain  safranine  with  all  the  properties  of  the  commeraal 
product.  The  yield,  however,  was  always  very  small,  an  exceedingly 
large  quantity  of  but  little  attractive  by-products  being  invariably  formed. 
Somewhat  more  satisfactory  results  were  obtained  when  chromic  instead 
of  arsenic  add  was  used  as  oxidizing  agent.  Our  experiments,  thou^ 
unsuccessful  as  regards  the  discovery  of  a  good  method  for  preparing 
safranine,  nevertheless  appear  to  supply  some  welcome  indications 
as  to  the  real  source  of  the  colouring-matter.  Neither  from  para 
aniline  nor  from  solid  toluidine  have  we  been  able  to  obtain  safra- 
nine by  the  above-mentioned  process;  nor  did  a  mixture  of  pure 
aniline  and  solid  toluidine  yield  a  better  result.  We  have, 
however,  invariably  obtained  safranine  when  liquid  toluidine,  bailing 
at  198^,  was  used  for  the  experiment.  This  colouring-matter  thus  appears 
to  become  a  pure  derivative  of  toluidine,  and  the  formula 

to  which  analysis  had  led,  is  corroborated,  as  far,  at  all  events,  as  tJie 
number  of  carbon-atoms  in  the  molecule  of  safranine  is  concerned,  in  a 
most  satisfactory  manner  by  the  formation  of  this  body.  In  this  forma- 
tion, as  in  that  of  rosaniline  and  of  the  allied  tinctorial  ammonias,  3 
mols.  of  monamine  associate  with  a  complex  molecule,  3  atoms  of  hydrogen 
in  which  are  displaced  by  one  of  nitrogen,  4  atoms  of  hydrogen  bebig, 
moreover,  removed  by  oxidation. 

3C,  H.  N+HNO,=C„  H^  N,-h2H,0.. 
C,,  H^  N,-h20-C.,  H^  N,+2H,0. 

A  glance  at  the  safranine  formula  with  its  four  nitrogen-atoms  rocaDs 
the  composition  which  Mr.  Perkin  ascribes  to  mauveine. 

Safranine ^ai ^20^4* 

Mauveine Gj^H^N^. 

The  idea  suggests  itself  that  mauveine  might  be  phenyl  safranine^ 

C^H..N.-=C„H„(C.H.)N,. 

In  fact  safranine  salt«  yield  a  violet  colouring-matter  when  boiled  for 
some  time  with  aniline ;  again,  safranine  and  mauveine  exhibit  nearly  the 
same    changes    of  colour  under  the  influence  of  concentrated  adds. 

*  Men«,  from  tha  Bevue  Hebd.  Chim.  Scient  Indust  Ftb.  29,  1872,  in  Chemiaa 
Newfl,  voL  zzT.  p.  2\b, 
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Foiihery  from  a  short  notice  published  some  years  ago  by  Mr.  Perkin*, 
sa&anine  appears  to  be  a  by-product  in  the  preparation  of  mauyeine. 

"Belatians  such  as  suggested  by  the  abote  f ormulad  must,  however,  be 
received  with  great  caution.  The  yiolet  colouring-matter  derived  from 
safranine  by  phenylation  has  not  as  yet  been  further  characteruEed. 
No  great  stress  can  be  laid  on  the  similar  colour-reactions  with  acids 
exhibited  by  both  bases,  since  the  methylated  rosamlines,  on  treatment 
with  adds,  also  become  first  blue  and  then  green.  Moreover  it  is  doubtful 
whether  ihe  base  obtained  by  Mr.  Perkin  as  a  secondary  product  in  the 
manufacture  of  mauveine  really  is  the  same  safranine  which  we  have 
investigated,  inasmuch  as  some  preliminary  analyses  have  led  him  to  a 
very  difEerent  composition,  which  appears  to  be  expressed  by  the  formula 

Knally,  the  composition  of  mauveine  itself  cannot  be  looked  upon  as 
estabHshed  above  all  question;  at  least  Mr.  Perkin t  seems  still  to  hesitate 
between  the  formula 

which  appears  to  result  from  more  recent  experiments,  and  the  formula 

previously  announced  by  him. 

The  relations  here  pointed  out  are,  however,  well  worthy  of  a  thorough 
experimental  investigation.  As  we  intend  to  continue  this  ruquiry,  an 
opportunity  may  present  itself  for  their  further  elucidation. 

IV.  ''  New  Method  for  producing  Amides  and  Nitriles.**  By  E.  A. 
Lbtts,  Berlin  XJniversitj  Laboratory.  Communicated  by 
A.  W.  HoFMANN^  F.E.S.     Received  August  15,  1872. 

'  Some  time  since  Professor  Hofmamut  showed  that  phenyl  mustard- 
oil,  when  acted  tm  by  acetic  acid  under  pressure,  is  converted  into 
phenyl-diacetamide,  carbonic  anhydride  and  sulphuretted  hydrogen  being 
separated. 

Bearing  this  reaction  in  mind,  the  question  arose  as  to  how  the  metallic 
sulphocyanates  would  behave  under  similar  circumstances ;  at  Professor 
Hofmann's  suggestion  I  have  submitted  this  question  to  an  experimental 
investigation. 

Action  of  Acetic  Acid  on  Potassium  Stdphocyanate. 
Supposing  the  potassium  salt  of  sulphocyanic  add  to  undergo  a  change 

•  P0rkiii,Proe.B.Iiiflt.  ofGreatBritein,  voIt.  p.  672.  t  Perldn,  Aw.  et/. 

X  Hofinann,  Berichte  d.  Deutsoh.  Chem.  GkselL  1870. 
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analogous  to  that  observed  with  the  phenyl  mustard-oilf  it  was  to  be 
expected  that  1  molecule  of  this  body  would  react  with  3  molecules  o£ 
acetic  add  to  produce  1  molecule  of  potassium  acetate  and  1  molecule  of 
diacetamide,  carbonic  anhydride  and  sulphuretted  hydrogen  being  eyolved. 

KCNS+3(C,H,O.OH)=C,H,O.OK+(C,H,0),im+CO,+H,8. 

The  reaction,  however,  takes  a  different  course. 

In  my  first  experiments  the  acetic  acid  was  allowed  to  react  on  the 
sulphocyanate  under  pressure ;  but  it  soon  became  evident  that  this  was 
unnecessary,  simple  digestion  of  the  two  bodies  in  a  flask  provided  with 
an  upright  condenser  being  amply  sufficient. 

The  powdered  salt  dissolves  readily  in  the  boiling  add,  and  an  imme- 
diate and  copious  disengagement  of  gas  ensues,  in  which  carbonic  an- 
hydride and  sulphuretted  hydrogen  may  be  readily  recognized.  Con- 
siderable time,  however,  elapses  before  the  sulphocyanate  is  completely 
decomposed,  some  three  or  four  days  being  required  for  a  mixture  of 
100  grms.  of  potassium  sulphocyanate  and  180  grms.  of  acetic  add.  At  Uie 
end  of  this  time  the  products  of  the  reaction  were  submitted  to  distillfr- 
tion  and  commenced  boiling  at  170^-180^ ;  the  thermometer,  however, 
rose  rapidly  to  216^ ;  and  between  this  temperature  and  220**  the  distil- 
late solidified  in  the  receiver  to  a  radiating  crystalline  mass,  which  ana- 
lysis showed  to  be  pure  acetamide*.  Above  220°  nothing  further  distilled, 
the  residue  in  the  retort  consisting  wholly  of  potassium  acetate.  In 
what  manner  had  acetamide  been  formed,  instead  of  diacetamide  ex- 
pected in  the  reaction  ?  It  appeared  not  unlikely  that  the  acetic  add 
employed  contained  some  water,  and  that  the  diacetamide  produced  in 
the  first  instance  was  thus  converted  into  the  monocompound — 

To  remove  any  water  which  might  possibly  have  been  present,  the 
acetic  add  was  treated  with  phosphoric  anhydride,  and  the  experiment 
with  the  sulphocyanate  repeated ;  but  even  now  acetamide  was  exclusively 
obtained. 

On  submitting,  however,  the  gases  evolved  during  the  reaction  to  a 
closer  examination,  the  formation  of  acetamide  became  at  once  intelligible. 
It  was  found  that  a  large  proportion  of  these  consisted  of  carbonic 
oxysulphide  (COS).  To  prove  the  presence  of  this  compound,  it  was 
only  necessary  to  pass  the  evolved  gases  through  a  bottle  containing  a 
slightly  add  solution  of  lead,  by  which  the  sulphuretted  hydrogen  was 
retained :  thus  purified,  they  produced  no  further  precipitate  when  passed 
through  a  second  bottle  containing  the  same  solution  ;  but  predpitation 
at  once  took  place  if  this  were  rendered  alkaline  by  soda  or  ammonia. 

*  The  liquid  products  passing  over  before  216°  yield  considerable  quantities  of  the 
amide  on  fractionation ;  the  same  remark  applies  to  the  other  experiments  with  the 
fotty  acids  to  be  presently  described. 
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This  is  the  characteristic  behaviour  of  carbonic  oxysulphide,  which  was 
further  identified  by  its  odour,  great  density,  and  inLflammability. 

The  principal  reaction  that  takes  place  when  acetic  add  is  treated  with 
potassium  sulphocyanate  accordingly  is  as  follows : — 

(1)  KCNS+C,  H,  O .  OH=C,  H,  O .  OK+HCNS, 

(2)  HCNS+C.  H,  O .  OH=C,  H,  O .  NH^+COS, 

The  sulphuretted  hydrogen  and  carbonic  anhydride,  produced  simulta- 
neously with  the  carbonic  oxysulphide,  are  the  complements  of  a  second 
reaction,  the  principal  product  of  which  I  have  no  doubt  is  aceUmUrUe : 

HCNS+C,H,O.OH=C,H,N-hH,S-|.CO,. 

1  must  remark,  however,  that  I  have  not  actually  proved  the  formation 
of  this  body  by  experiment.  My  investigations  in  the  acetic  series  were 
completed  before  this  phase  of  the  reaction  was  thoroughly  understood ; 
and  thus  probably,  owing  to  its  low  boiling-point  (77**),  the  acetonitrile 
had  been  carried  off  with  the  stream  of  disengaged  gases,  and  had  escaped 
detection.  I  have  not  repeated  the  experiment,  because  in  other  series  it 
has  been  easy  to  demonstrate  the  formation  of  the  nitrile. 

Action  of  Isobutyric  Acid  on  Potassium  Sulphocyanate. 

If  potassium  sulphocyanate  be  heated  with  isobutyric  acid  (which  may 
now  be  readily  obtained  in  a  state  of  purity  by  oxidation  of  isobutylic 
alcohol  separated  from  fusel-oil),  the  salt  melts  under  the  acid  to  an  oily 
layer,  from  the  surface  of  which  bubbles  of  gas  are  plentifully  disen- 
gaged, consisting,  as  in  the  preceding  case,  of  carbonic  oxysulphide, 
carbonic  anhydride,  and  sulphuretted  hydrogen.  In  consequence  of 
the  higher  boiling-point  of  isobutyric  add  (154^),  the  reaction  proceeds 
more  rapidly  than  with  acetic  add.  If  the  mixture  be  submitted 
to  distillation  when  all  disengagement  of  gas  has  ceased,  it  begins  boiling 
a  few  degrees  above  100°,  the  thermometer  rapidly  rising  to  216°; 
during  this  time  an  aromatic  liquid  passes  over,  possessing  the  odour  of 
butyric  add. 

Between  216^  and  220°  the  thermometer  remains  tolerably  stationary, 
the  distillate  solidifying  in  the  receiver  to  a  white  crystalline  mass.  On 
fractionating  the  liquid  portion  passing  over  before  200*^,  no  product  can 
be  obtained  showing  a  constant  boiling-point ;  but  on  treating  it  with  a 
solution  of  caustic  soda,  an  oily  aromatic  liquid  of  characteristic  odour  floats 
on  the  surface,  which,  separated  by  a  tap-funnel  and  dried  over  caldum 
chloride,  boils  constantly  between  107°  and  108°.  Its  composition  and 
reactions  characterize  this  substance  as  isobutyronitrile : 

H-C=(CH.). 

CN 
rci.  xrr.  i 
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Theory.  Experiment. 

C,      48  69-56  68-93 

H^     7  10-14  10-63 

N      14  20-30  

69  100-00 

Boiled  for  some  time  with  an  alkali,  this  nitrile  is  converted  into  isobutjric 
add  and  ammonia.     The  complementary  products  attending  the  produc- 
tion of  this  body  are  carbonic  anhydride  and  sulphuretted  hydrogen, 
the  copious  evolution  of  which  has  been  already  mentioned  : 
HCNS+C.H,  O .  OH=C,H,  N+CO,+H,  S. 

Isobutyronitrile  has  been  prepared  by  Morkownikoff  *.  He  obtained  it 
by  treating  isopropyl  iodide  with  cyanide  of  potassium ;  but  probably  not  in 
a  state  of  purity,  as  he  gives  80°  as  its  boiling-point,  whereas  107—108° 
(the  number  obtained  by  myself)  approaches  more  closely  that  observed 
for  the  normal  butyronitrile  (114°). 

The  crystalline  substance  before  described  as  passing  over  between 
216°  and  220°  is  the  amide  of  isobutyric  acid : 

c,H.No=^*^g  In. 

The  analysis  gave : — 

Theory.  Experiment. 

C, 48  65-17  64-86 

H,     9  10-36  10-46 

N 14  16-09                 

O 16  18-39 

87  100-00 

Iflobutyramide  forms  a  white  crystalline  mass  of  pleasant  aromatic  odour ; 
it  fuses  between  100°  and  102°,  and  when  heated  somewhat  above  this  tem- 
perature, but  far  short  of  its  boiling-point,  sublimes  in  beautiful  iridescent 
laminsB.  It  boils  between  216°  and  220°,  and  distils  without  the  slightest 
decomposition.  It  dissolves  readily  in  water  and  alcohol,  and  slightly  in 
other.  Isobutyramide  is  the  principal  product  of  the  action  of  isobutyric 
acid  on  potassium  sulphocyanate  : 

HCNS-hC,H,0.0H=^*^^2  }n+COS. 

200  grms.  of  the  add  yielded  60  grms.  pure  amide. 

H-C=(CH,), 
Isobutyramide,  •  , 

0=C-N=H, 

is  distinguished  from  the  normal  amide, 


N 


H,=C-CH,-CH, 

I 


0=C-N=H 


a 


*  Morkownikoff,  Jahresb.  xriii.  318. 
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by  its  lower  melting-point.  The  isocompound  fuses  between  100^  and 
102°,  whereas  the  normal  butyramide  melts  at  115°.  The  boiling-point 
is  much  the  same  for  both*. 

Action  cf  Valeric  Add  on  Potassium  StdplwcyaiuUe. 

In  this  instance,  too,  the  reaction  proceeds  according  to  the  two  (equa- 
tions— 

HCNS+C.H.O.OH«C.H,N  +  CO,+H,S, 

HCNS-hC,  H,  0.0H=^»  Jj«  ^  I  N+COS. 

The  separation  and  purification  of  the  valeronitrile  and  valeramide  are 
similar  in  all  respects  to  those  employed  for  the  corresponding  compounds 
in  the  butyric  series.  Valeronitrile,  already  investigated  by  other  chemists, 
boils  between  125°  and  128°.  By  treatment  with  fuming  nitric  acid,  it  is 
converted  into  a  crystalline  substance  (perhaps  C^  H^  (N03)N),  which  1 
have  not  as  yet  been  able  to  examine  further. 

Valeramide  closely  resembles  isobutyramide.  It  is  a  white  crystalline 
body  of  pleasant  aromatic  odour,  recalling  that  of  valerian-root :  it  is 
soluble  in  water,  alcohol,  and  ether ;  in  the  last-mentioned  liquid  much 
more  so  than  isobutyramide.  From  hot  water  it  crystallizes  in  largo 
right-angled  but  very  thin  plates.  Valeramide  fuses  between  125°  and 
128°,  and  sublimes,  in  the  same  manner  as  isobutyramide,  below  its 
boiling-point,  which  lies  between  230°  and  232°.  It  distils  without  de- 
composition. 

Action  of  Benzoic  Add  on  Potassium  Salphocyannte, 

The  aromatic  acids  of  the  C^  H^^j^gjOg  series  act  in  an  analogous  manner 
on  potassium  sulphocyanate,  with  the  difference,  however,  that  here 
nearly  exclusively  the  nitrile  is  formed.  The  production  of  amide  is  so 
insignificant  as  to  be  scarcely  recognizable.  The  reaction  with  benzoic 
add  takes  place  \iith  particular  facility,  according  to  the  equation 

HCNS  +  C,H^O.OH=C,H,N  +  CO,-fH,S. 

2  mols.  benzoic  acid  and  1  mol.  potassium  sulphocyanate  (both  in  a  per- 
fectly dry  condition)  are  placed  in  a  retort,  to  the  mouth  of  which  a  long 
wide  tube  is  attached  to  serve  as  condenser.  The  apparatus  thus 
arranged  is  placed  vertically,  and  heated  either  in  a  paraffin-bath  or  over 
the  naked  fiame.  Both  bodies  melt,  forming  two  layers,  of  which  ben- 
zoic acid  is  the  lower  one.  At  190°  the  reaction  commences,  carbonic 
anhydride  and  sulphuretted  hydrogen  being  evolved.  At  a  higher  tem- 
perature the  mixture  enters  into  ebullition,  and  in  about  half  an  hour  is 
converted  into  a  solid  mass.     The  retort  is  now  reversed,  and  the  contents 

*  It  if  remarkable  that  acetaraide,  butyramide,  and  isobutyramide  all  have  nearly 
the  same  boiling-point,  namely  216^-220°. 

f2 
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strongly  heat«d ;  thej  melt,  boil,  uid  ^eld  a  oemisolid  distillate.  The  distil- 
lation  is  carried  on  as  far  ae  poeeible  without  charring  the  residue,  whidi 
Gonsiat*  of  potassium  benzoato  (from  which  half  the  benioic  add  employed 
may  be  recovered).  By  addition  of  ammonia  to  the  semisolid  distillate 
any  benz4nc  add  that  has  passed  over  is  retained,  whUat  the  nitrile  distils 
MHth  the  water,  from  which  it  is  afterwards  separated,  dried,  sod  re- 
distilled. A  roughly  carried  out  experiment  yielded  50  per  cent,  of  the 
theoretical  quantity  of  nitrile  in  a  perfectly  pure  condition ;  the  loss  owing 
to  secondary  reactions  is  amply  compensated  by  the  ease  and  rapidity  of 
the  operation. 

Actiim  of  Caminie  Add  on  Polattiwm  Sulphoeganate. 

An  experiment  with  cuminic  add  yielded  very  satisfactory  results : 
cumonitrile  was  obtained  in  about  the  same  proportiona  aa  the  beneo- 
nitrile.  The  temperature  at  which  the  reaction  commenced  waa  here  about 
210" ;  the  nitrile  waa  purified  as  in  the  preceding  case. 

FinaUy,  an  experiment  was  made  with  dnnanuc  add ;  but  altJiongh 
sulphuretted  hydrogen  was  evolved,  and  the  reaction  appeared  to  proceed 
exactly  as  in  the  foregoing  cases,  no  dnnamonitrile  was  obtained  in  the 
liquid  disillate.  The  cinnamic  add  seemed  to  be  decomposed  into  csrbonio 
anhydride  and  cinnamol  before  beii^  acted  upon  by  the  sulphocyanic 


The  ease  with  which  nitriles  and  amides  are  obtained  in  this  manner, 
both  in  the  aromatic  and  fatty  series,  induces  me  to  hope  that  the  new 
method  may  be  of  use  in  many  cases,  and  perhaps,  by  its  applicati<m 
to  other  aeries,  give  riae  to  bodies  hitherto  umuveatigated. 

Hie  tediouanesB  of  preparing  the  add  chloride  and  subsequent  treat- 
ment with  ammonia  (for  the  amide),  or  of  the  amide  with  phosphoric 
mhydride  (for  the  nitrile),  in  the  ordinary  method  for  producing  these 
nitrogen  compounds,  is  here  replaced  by  simple  digestion  of  the  add  with 
Bulphocyanate  of  potassium,  bodies  generally  readily  procurable. 

V,  "  Inveatigation  of  the  Attraction  of  a  Galranic  Coil  on  a  small 
Magnetic  Mass."  By  James  Stuart,  M.A.,  Fellow  of  Trinity 
College,  Cambridge.  Communicated  by  the  President.  Received 
July  26, 1872. 

From  inveatigations  given  by  Ampere,  we  can  deduce  an  expreesion 
for  the  potential  U  at  an  external  point  Q  of  a  closed  drvular  galvanic 
current  carried  by  a  wire  of  indefinitely  amall  section.  Let  a  bo  the 
radius  of  the  circle ;  let  the  distance  of  Q  from  C,  the  centre  of  the  drde, 
be  r ;  and  let  the  line  C  Q  make  an  angle  fl  with  the  normal  to  the  plane 
of  the  circle.     Then  it  can  be  shown  that  when  r  ie  less  than  o. 
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and  when  r  is  greater  than  a, 

where  h  depends  only  on  the  intensity  of  the  current,  and  where  P„  P,, 
P,  are  defined  bj  the  equation 

1^1— 2d?  cos  6+ ar  i         a  SI 

If,  therefore,  X  represents  the  resolved  part  perpendicular  to  the  plane 
of  the  circle  and  towards  it  of  the  force  exerted  by  the  current  on  a  unit 
of  magnetism  placed  at  Q,  and  if  Y  represent  the  resolved  part  of  that 
force  parallel  to  the  plane  of  the  circle  and  directed  from  its  centre  out- 
wards, then 

dU    .    ^     dU 

cos  Of 


X» 


—    smO—^- 
r  ,ad  dr 


T=  — -  cos  6+  -1-  sin  6. 
r.de  dr 

To  calculate  these  quantities,  we  know  that 

PjSsCOSO, 

P.=  |(cO8'0-|cO8e), 

P.=  ^(cos'e-^COs'a+^COHfl). 

We  shall  only  consider  the  case  of  those  points  for  which  r  is  greater 
than  a.  Substituting  these  values  in  the  expression  which  in  such  in- 
stances holds  for  XT,  we  have 

From  which,  after  some  reduction,  we  obtain 


315     a« 

128 


-cosaj 


^«-l(-l+3co8»6).^  +  l.(9-90cos»e+105cos*6)~ 


2irh 


-  JL  (-75+ 1575  COS*  6-4725  cos*  6+3465  cos'  6)  % 
128  ^  ^ 


(1) 
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8me.[+|co8fl.  J-^(-27eosfl+105eof!'fl)^ 
+  ||o  {525  eoa  fl-3150  cos*  e+3465  coa'  Q)  — 


- J (2) 

Each  of  these  expresaians  coneistB  of  a  series  of  terms  in  ascending  povera 

of  -  whicli  will  be  converging. 

We  shall  now  seek  to  find  X  and  T  for  a  galvanic  current  traversing  a 
wire  coiled  into  the  form  of  a  hollow  cylinder,  of  which  the  internal 
ndius  is  6,  the  external  radius  &+c,  and  of  which  the  length  is  2/.  We 
shall  suppose  the  individual  ttima  of  the  wire  to  lie  so  close  as  that  each 
may  be  regarded  as  an  exact  circle. 


Let  A  B  be  the  nxis  of  the  coil,  so  that  A  and  B  are  the  ceutrcs  of  it« 
two  faces  ;  Ihon  A  B=^/".  T*t  0  be  the  middle  point  of  A  B.  Let  P  be 
the  attracted  point,  P  M  its  perpendicular  distance  p  from  A  B.  Let 
PAM=«,  P»M=/}. 

Jjot  C  bo  the  ct'iitro  of  any  turn  of  the  wire  regarded  as  a  circle  of 
radius  .i,CP=r.  PCM=9,0C=j-;  then  it  is  readily  sci-u  thatforthe 
whole  eyliudrit-al  bobbin  the  forces  X,  Y  are  given  I>y 


UU-du, 
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where  L  and  M  stand  for  the  expressions  on  the  right-hand  side  of  (1) 
and  (2)  respectively,  and  where  /i  depends  on  the  strength  of  the  current. 
To  perform  the  integrations  for  the  length  of  the  bobbin  in  these 
expressions,  we  have  the  formuba 

2>=r.sin6, 
^.sin6=— r  .^6; 


/.  ^.r= 


_—plQ 


and 


sin' 6' 


sinO 


Making  these  substitutions  for  Ix  and  r,  the  integrals  with  respect  to  x 
become  integrab  with  respect  to  6,  which  can  be  easily  evaluated  by  a 
continued  application  of  the  method  of  integration  by  parts,  the  linaits 
bemg  from  6=a  to  6=/3.  If  we  then  integrate  the  result  thus  obtained 
with  respect  to  a,  from  the  limit  h  to  the  limit  6-|-c,  we  finaUy  obtain 

—  = — g   7     {—(cos/S— cosa)+(cos*/3— cos'a)} 


+^^_?;!{  -  9(cos  /?  -  cos  a)  -f  33(cos'  fi  -  cos»  a) 

— 39(co3'  /3—  cos'  «) -h  16(cos^ /J—  cos'  a)} 

-r— -T      J. 

+    Z^^^l-  {  —     75(cos  /3  —  COS  a)   +  675(cos*  /?  —  cos'  a) 


896i>* 


6p 
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— 1690(cos*  /3-  cos'  a)-h  2070(co8'  ^—  cos'  a) 
~  1295(cos'  /5-  cos»  a)+  315(cos*^  /3-  cos"  u)} 

{+(sin'/3-sin»tt)} 


+  ^^TT^i  -12(8in*/3-  sin*  a)-|-15(8in'/}-  sin'  a)} 
80/> 

+  -  tge"^'!  +  120(8in'  /3-  sin'  a)-  420(8in«  /3-  sin^  a) 

-h316(sin"/3~sin"a)} 

+ 

These  expressions  for  X  and  Y  will  be  converging  for  all  points  situated 
at  a  greater  distance  than  6+^  from  any  point  of  the  axis  A  B,  inasmuch 
as  they  are  composed  by  adding  together  corresponding  terms  of  series 
which  are  then  all  convergent.  Among  other  points,  these  expressions 
hold  for  such  as  are  situated  on  the  axis  external  to  the  bobbin,  and  not 
nearer  A  or  B  than  by  the  distance  (6  +  c).     For  such  points,  however, 

the  expressions  become  illusory,  assuming  the  form  -.    They  may,  how- 


■^■^^- 
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ever,  be  eraloated  hj  the  methods  for  the  eTBlaaikn  dt  Tamshing  frac- 
tions. Y  is  clearly  lero.  X  maj  be  more  readOj  obtained  directlj  from 
the  expression  fcnr  U.  From  that  expression  we  find  that  for  a  single 
circular  curr^it  the  attraction  on  soeh  pcnnts  is 

Hence,  in  the  case  of  a  bobbin,  if  x  be  the  distance  of  the  attnM^ted  point 
from  0,  the  middle  point  <^  the  axis  of  the  bobbin,  we  hare 


X 


+ , 

which  gives  X  for  p<Hnt8  situated  on  the  axis  for  which  or  is  not  less 


December  12,  1872. 

WILLIAM  SPOTTISWOODE,  M.A.,  Treasurer  and  Vice- 
President,  in  the  Chair. 

Announcement  was  made  from  the  Chair  that  the  President  had 
appointed  Dr.  Sharpej  a  Vice-President. 

The  Presents  received  were  laid  on  the  Table,  and  thanks  ordered  for 
them. 

The  following  communications  were  read : — 

I.  ''A  Contribution  to  the  Knowledge  of  Haemoglobin."  By 
£.  Bay  Lankester,  M.A.  Oxon.,  Fellow  of  Exeter  College, 
and  Badeliffe  Travelling  Fellow  of  the  University.  Com- 
municated by  Prof.  Huxley.     Received  July  29,  1872. 

The  fact  that  exceedingly  small  quantities  of  HsBmoglobin  can  be  detected 
vidth  great  facility  by  means  of  the  microspectroscope,  has  rendered  it 
possible  to  trace  the  distribution  of  this  important  body  among  organisms 
of  various  classes,  and  by  comparing  its  absence  from  certain  animals  or 
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tissues  and  its  presence  in  others,  with  the  accompanying  conditions  and 
activities  belonging  to  the  particular  organisms,  to  arrive  at  some  data 
bearing  upon  its  physiological  significance.  Such  a  comparative  method 
has  already  yielded  results  as  to  the  activities  of  many  organs  and  tissues, 
and  IB  in  all  probability  destined  in  the  future,  when  applied  to  the  more 
minute  problems  of  the  functions  of  structures  and  tissue-components, 
to  give  new  impulse  to  the  science  of  physiology. 

Before  communicating  some  newly  observed  facts  with  regard  to  the 
occurrence  of  Hemoglobin  in  animal  organisms,  I  may  briefly  state  what 
is  the  present  condition  of  the  subject. 

After  Hoppe  Seyler*  and  Stokes  t  had  shown  that  the  red  colouring- 
matter  of  the  blood  of  Vertebrata  could  be  recognized  by  its  peculiar 
absorption-spectrum,  Kuhne^  discovered  that  the  same  colouring-matter, 
the  oxygen-carrying  properties  of  which  were  known  from  other  re- 
searches, was  diffused  in  the  voluntary  muscular  tissue  of  mammals,  and 
imparted  to  them  their  red  tint.  Bollett§  then  obtained  from  the  red 
vascular  fluid  of  the  earthworm  crystals  which  were  identical  with  those 
of  Hemoglobin,  and  Nawrocki||  at  the  same  time  as  myself  IT  confirmed 
the  supposition  that  HsBmoglobin  is  the  cause  of  the  red  coloration  of 
the  blood  of  Lumbricus,  by  careful  spectroscopic  observation  of  the  fluid 
and  the  derivatives  yielded  by  it  (Hematin).  I  also  established  by  spec- 
troscopic analysis**  the  existence  of  HsDmoglobin  in  the  blood  of  the 
mollusk  Planorbisy  in  that  of  the  larva  of  the  insect  CJieirotwmits,  in  that 
of  the  Crustaceans  Oheirocephalus  and  Daphnia,  and  in  the  vascular  fluids 
of  the  marine  Annelids  Eunice,  Nereis,  Terebella,  and  others.  I  found 
also  that  in  the  Annelids  of  the  family  "  Chlor^miens  "  of  Audouin  and 
Edwards,  as  well  as  in  some  species  of  SabeUa,  the  HsDmoglobin  was  re- 
placed by  a  body  having  similar  properties,  giving  a  dark  red  colour  to 
the  vascular  fluid  when  seen  in  sufficient  thickness,  and  a  bright  green  in 
thinner  layers.  This  body  gave  a  very  sharply  marked  and  characteristic 
pair  of  absorption-bands  in  the  oxidized  condition,  which  were  changed  to 
a  single  one  in  the  reduced  condition,  as  in  the  case  of  HsBmoglobin,  the 
bands,  however,  having  a  relative  intensity  and  a  position  altogether 
differing  from  those  of  Haemoglobin.     By  the  action  of  cyanide  of  potas- 

*  Hoppe  Seyler,  "Ueber  die  chemisohen  u.  optiBchen  Eigenflcbaften  des  Blut- 
larbBtoffB,"  ArchiT  f.  pathol.  Anat.  u.  Phygiol.  1862,  Bd.  xxiii. 

t  Stokee,  **  On  the  Beduction  and  Oxidation  of  the  Colouring-matter  of  the  Blood/' 
Proe.  Boyal  Society,  1864. 

X  Euhne,  "  Ueber  den  Farbstoff  der  Muskeln/*  ArduT  f.  Pathol.  Anat  u.  Physiol. 
Bd.  zxxiiL 

§  Bollett,  "  Zur  Eenntnias  der  Yerbreitung  des  Hamatina,"  Sitsungsber.  d.  k.  Ak.  d. 

WiM. «.  Wien,  Bd.  xlir. 

H  Nawrocki,  Centralblatt  fur  die  medic.  Wissenscbaften,  1867,  p.  196. 

^  lankester,  "  Obeeryations  with  the  Spectroacope,*'  Journal  of  Anatomy  and  Phy- 

■iology,  1867,  p.  114. 

**  *'  SpectKMOopic  examination  of  certain  Animal  Substances/'  ibid.  1869,  p.  1 19. 
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slum,  followed  bj  that  of  a  reducing  agent  (sulphide  of  ammonium),  this 
body,  to  which  the  name  Chlorocruorin  was  given,  furnished  two  absorp- 
tion-bands identical  with  those  exhibited  by  Hemoglobin  when  similarly 
treated.  Last  year  I  found  that  the  red  colour  of  the  pharyngeal  muscle 
of  the  G^steropods  Lymnasus  and  Pcdvdina*  was  due  to  the  presence  of 
Hssmoglobin  diffused  in  the  muscular  tissue ;  and  at  the  Meeting  of  the 
British  Association  at  Edinburgh  I  demonstrated  its  occurrence  in  the 
pharyngeal  muscular  mass  of  Littorina,  where  it  is  in  sufficient  quantity 
to  give  a  very  intense  blood-red  colour.  The  interest  of  this  ^t  con- 
sists in  this,  that  in  no  other  part,  not  even  in  the  blood  of  these  mol- 
lusks,  does  Hsamoglobin  occur;  hence  the  doubts  which  Brosseitf  had 
attempted  to  throw  upon  Kuhne's  conclusions  with  regard  to  the  red 
colour  of  mammalian  voluntary  muscular  tissue  were  rendered  of  less 
significance  than  before.  It  was  also  mentioned  that  whilst  HsDmoglobin 
is  absent  from  the  unstriped  muscular  tissue  of  mammalia  generaJly,  it 
occurs  in  that  tissue  in  the  rectum  of  man,  and  probably  of  other 
mammals. 

Some  observations  made  during  the  past  winter  at  Naples  will  tend  to 
enlarge  the  basis  of  facts  sketched  above,  upon  which  I  have  ventured  to 
make  some  generalizations  with  regard  to  the  mode  of  occurrence  of 
Hsemoglobin  in  the  animal  economy. 

1.  Occurrence  of  Hcemoylohin  in  corpiLscles  in  the  perivisceral  Jluid  of  the 
Annelids  Glycera  and  Capitella,  and  of  the  Oephyrean  Phoronis.— Many 
of  the  marine  Ch»topodous  Annelids  are  devoid  of  that  closed  vascular 
system  which  in  others  contains  a  fluid  impregnated  with  Haemoglobin 
or  Chlorocruorin.  Olycera  is  one  of  these  anangian  forms ;  but,  as  an 
exception  to  the  general  rule,  has  peculiar  corpuscles  in  its  perivisceral 
fluid  which  are  of  a  red  colour,  as  was  observed  by  De  Quatrefages  and 
confirmed  by  Claparede.  These  corpuscles  I  find,  when  submitted  to  the 
microspectroscope,  give  an  absorption-spectrum  identical  with  that  of 
HflBmoglobin,  as  proved  by  the  superposition  of  the  spectra.  The  Hsemo- 
globin  of  these  corpuscles  was  readily  obtained  in  both  the  oxidized  and 
the  reduced  conditions.  The  corpuscles  (PI.  I.  figs.  1, 2,  &  3)  which  con- 
tain the  Hjemoglobin  are  round,  somewhat  flattened,  cheese-shaped  bodies 
^gly_  of  an  inch  in  diameter,  possessing  a  very  delicate  wall,  which  often 
becomes  irregularly  puckered  by  increased  density  of  the  fluid  in  which 
the  corpuscles  float,  and  a  scarcely  visible  nucleus  about  7n)W  ^^  *^  ^^^ 
in  diameter  eccentrically  placed,  which  is  brought  into  sharp  definition  by 
the  action  of  weak  acids,  and  exhibits  granulation  of  its  contents.  These 
corpuscles  exhibit  a  tendency  to  run  into  rouleaux,  and  form  aggregations 
similar  to  those  known  in  the  case  of  mammalian  and  other  vertebrate 
red  corpuscles.  They  are  by  no  means  so  numerous  in  the  perivisceral 
fluid  as  are  the  red  corpuscles  in  vertebrate  blood,  and  are  accompanied 

*  "  Verbreitung  des  HiemoglobinV  Archiv  f.  gesam.  Physiol.  1871. 

t  "  Bcstimmung  der  Blutnienge  im  Korper,"  Archiy  f.  jfee.  Physiol.  Bonn,  1870^  p.S68. 
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by  amoebaid  corpuscles,  which  are  colourless,  and  by  the  genital  products. 
When  a  Olyeera  is  irritated  so  as  to  cause  it  frequently  to  extrude  its 
large  pharyngeal  tube  and  jaws,  a  red  line  is  noticed  running  along  the 
whole  of  the  ventral  surface.  This  appears  to  be  caused  by  the  pressure  of 
the  fluid  containing  the  red  corpuscles  into  the  cavity  of  the  outer  sheath 
of  the  nerve-chord,  and  may  have  some  functional  importance.  The  cor- 
puscles enter  this  sheath  at  its  anterior  termination*. 

2.  Occurrence  of  Hcemoyhhin  in  the  vascular  fluid  of  TurheUarians. — 
Quatrefages  observed  that  the  fluid  in  the  vessels  of  the  Nemertean  worm 
Polia  sanguirubra  was  coloured  red.  In  a  species  examined  at  Naples,  I 
have  found  that  this  colour  is  due  to  Ksomoglobin  diffused  in  the  liquid. 
In  by  far  the  majority  of  cases  the  vascular  fluid  of  the  Turbellaria  is 
colourless.  My  tiiend  Mr.  H.  N.  Moseley  last  year  observed  Hsemo- 
globin  with  the  spectroscope  in  a  small  Planarian  at  Suez. 

3.  Occurrence  of  Hasmoglohin  in  corpuscles  in  the  blood  of  a  LameUi- 
branchiate  Mollusk, — Solen  legumen,  which  is  known  to  the  Neapolitan 
tishermen  as  **  Canolicca  femina,"  has  a  reddish  tint ;  and  this  was  found 
to  be  due  to  the  red  colour  of  the  blood,  which  could  be  seen  very  beau- 
fully,  like  a  natural  injection,  in  the  blood-sinuses  and  vessels  of  the 
mollusk.  When  one  of  the  shell-valves  was  partially  removed  so  as  to 
obtain  a  clearer  view  of  the  underlying  parts,  the  red-coloured  fluid 
could  be  seen  passing  from  one  of  the  large  sinuses  to  another,  as  the 
animal  expanded  and  retracted  its  long  worm-like  foot.  I  would  par- 
ticularly draw  attention  to  the  fact  that  though,  when  thus  irritated,  an 
increased  amount  of  liquid  appeared  to  be  exuded  from  the  mollusk,  yet 
this  liquid  was  entirely  colourless  and  devoid  of  corpuscles — a  fact  which 
must  qualify  existing  notions  as  to  the  escape  of  the  organized  blood- 
fluid  of  Mollusca,  based  upon  the  well-ascertained  existence  of  apertures 
communicating  with  the  exterior  in  their  vascular  system.  If  the  liquor 
Baoguinis  escapes,  it  is  clear  that  at  any  rate  the  corpuscles,  in  which,  as 
will  be  mentioned,  the  red  colouring-matter  resides,  do  not.  A  very 
slight  injury  to  the  tissue  of  the  mantle  is  sufficient  to  cause  an  escape  of 
the  red-coloured  fluid ;  and  this  when  placed  under  the  microscope  is  found 
to  consist  of  a  plasma  in  which  float  abundant  oval,  sharply  contoured  cells 
of  a  red  colour  (figs.  4  &  5).  The  red  colour  was  definitely  proved  to  be 
due  to  Hemoglobin  by  examination  with  the  microspectroscope,  giving  the 
two  bands  identical  with  those  of  O,  Hb  from  human  blood,  and  furnishing 

*  To  the  case  here  recorded,  of  Hsemoglobin  occurring  in  corpuscles  among  Venues, 
I  can  now  add  that  of  the  annelid  Capitella^  the  corpuscles  of  which  I  found  similar 
to  thoM  of  Glyceraj  and  further,  the  remarkable  Gephjrean  Phoronis  hippocrcpia 
(fig.  6).  In  the  annelids  Cirrhatulus  and  Ophelia^  corpuscles  occur  in  the  closed  vascular 
Hjstem,  which  contains  a  liquid  in  which  Haemoglobin  is  diffused.  Such  a  msculnr  fluid 
is  oonjmon  among  the  Chsetopoda ;  but  these  are  the  only  cases  known  in  which  it 
contains  corpuscles.  On  examining  these  corpuscles,  which  ajpe  very  small  in  number, 
I  find  them  to  be  not  special  Hapmoglobin-bearing  corpuscles,  but  small  amoeboid 
particles  which  are  impregnated  with  lib,  just  as  the  surrounding  fluid  is. 
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also  the  Bingle  band  of  reduced  Hb  when  treated  with  reducing  agents. 
The  corpuscles  measure  about  -^^-^  of  an  inch  in  length  and  jtVit  ^ 
breadth.  They  are  by  far  the  most  abundant,  but  not  the  only  oorpuscleB 
in  the  liquid.  Colourless  amoeboid  corpuscles  are  also  present.  Acetic 
add  brings  out  a  clearly  emarginated  nucleus  in  the  red  corpuscles.  Ace- 
tate of  rosaniline,  both  with  these  corpuscles  and  the  red  corpuscles  of 
Olycera  and  of  Fhoranis,  stains  the  nucleus  intensely,  and  gives  one  or 
two  eccentrically  placed  maculie,  as  was  observed  by  Dr.  Eoberts  in 
human  and  vertebrate  blood  generally.  I  have  not  obtained  these  maculie 
in  corpuscles  devoid  of  Haemoglobin ;  and  since,  in  the  cases  of  Olycera,  of 
PJioronis,  and  Solen  legumen,  where  this  body  is  present,  as  in  the  verte- 
brate red  corpuscles,  the  Eobertsian  macula  is  obtained,  there  is  some 
ground  for  believing  that  the  substance  which  is  thus  rendered  evident  by 
coloration  with  magenta  is  connected  with  the  Haemoglobin,  being  either 
a  part  of  its  decomposition-product,  due  to  the  action  of  the  rosaniline,  or  a 
necessary  concomitant  of  it  in  the  blood-corpuscle.  Since  the  other 
species  of  Solen  accompanying  Solen  legumen  in  the  Q-ulf  of  Naples  have 
colourless  blood,  I  was  anxious  to  see  whether  the  corpuscles  which  bear 
the  Haemoglobin  in  that  species  are  represented  in  any  way  in  the  others. 
I  therefore  examined  the  blood  of  Solen  ensis.  I  found  but  few  corpuscles 
present ;  and  these  were  all  perfectly  colourless,  and  exhibited  very  active 
amoeboid  movements,  throwing  out  processes  in  various  directions  with 
great  rapidity,  and  running  together  into  adherent  masses  on  the  glass 
slip ;  whilst  under  the  microscope  magenta  brought  a  large  nucleus  in 
them,  with  brilliant  staining,  but  gave  no  trace  of  an  eccentric  macula,  such 
as  that  which  characterizes  Haemoglobin-bearing  corpuscles  under  similar 
treatment. 

4.  Absence  of  ffcemoglohin  from  the  blood  of  the  fish  Leptocephalus,  wUh 
presence  of  corpuscles  corresponding  to  the  red  corpuscles. — The  beautiful 
little  fish  Leptocephalus  is,  with  the  exception  of  the  black-pigmented 
eyes,  perfectly  colourless  and  glass-like.  I  am  not  aware  of  traces  of  red 
colour  in  its  blood  having  been  carefully  sought  for ;  but  there  certainly 
are  none.  The  blood-vessels  possess  no  tint  whatever,  and  the  gillsy 
moreover,  are  perfectly  free  from  colour.  Notwithstanding  this  absence 
of  Haemoglobin,  the  blood  of  Leptocephalus  presents,  as  observed  by  Kol- 
Kker,  both  the  colourless  amoeboid  corpuscles  of  vertebrate  blood  and 
elliptic  nucleated  corpuscles,  also  colourless,  exactly  comparable  to  those 
which  bear  the  Haemoglobin  in  other  fish.  This  fact  is  remarkable  when 
put  side  by  side  with  the  observation  that  the  perivisceral  fluid  of  Anne- 
lids generally  presents  no  corpuscles  comparable  to  those  which  bear 
Haemoglobin  in  Olycera,  Capitella,  and  Phoronis.  The  ordinary  amoeboid 
corpuscles  are  present  in  both  series ;  and  in  the  latter  the  Haemoglobin- 
bearing  corpuscles  appear  as  a  special  addition. 

In  Amphioxus  I  may  mention  that  I  have  not  succeeded,  after  trials, 
in  obtaining  spectroscopic  evidence  of  Haemoglobin,   though  Wilhelm 
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Miiller,  of  Jena,  states  that  this  vertebrate  has  corpuscles  of  a  pale  red 
tint.  If  Amphioxus  should  prove  not  to,  it  is  yet  certain  that  Leptoc&- 
phalus  does  form  an  exception  to  Prof.  Preyer's  recent  statement  in  his 
valuable  monograph, '  Die  Blutkrystalle,'  that  Hasmoglobin  is  found  "  bei 
alien  Vertebraten.** 

The  statements  in  the  present  notice  will  be  found  to  extend  consider- 
ably the  area  of  distribution  of  Hasmoglobin,  as  given  in  Prof.  Preyer's 
work,  which  is  the  latest  (1871)  on  the  subject. 

5.  Presence  of  Haemoglobin  in  the  tissue  of  the  chain  of  nerve-ganglia  of 
Aphrodite  aculeata. — The  chain  of  nerve-ganglia  of  the  Annelid  Aphro- 
<iUe  aculeata  possesses  a  bright  crimson  tint.  This  colour  is  particularly 
marked  in  the  ganglia  themselves,  and  is  most  intense  in  the  supraoBso- 
phageal  ganglion,  which  has  as  intense  a  colour  as  a  drop  of  fresh  human 
blood.  When  examined  with  the  microscope,  the  colour  is  found  to  im- 
pr^nate  the  nerve-tLssue  itself,  and  not  to  be  held  in  any  liquid  bathing 
the  tissue. 

The  vessels  of  A,  aculeata^  which  are  not  represented  in  closely  allied 
species  (which  are  anangian  according  to  the  researches  of  Clapar^de), 
contain  a  pale  lemon-coloured  fluid,  which  gives  no  bands  with  the  spec- 
troscope, and  is  certainly  free  from  HsDmoglobin. 

The  perivisceral  fluid  is  colourless,  and  also  the  muscular  tissue  through- 
out the  animal,  with  the  single  exception  of  the  great  muscular  pharynx. 
This  has  a  pale  pink  tint ;  and  it  and  the  nerve-chain,  when  examined 
with  the  microspectroscope,  gave  abundant  evidence  of  the  presence  of 
Hemoglobin.  The  quantity  in  the  pharyngeal  muscular  tissue  is  very 
small  indeed ;  but,  on  the  contrary,  excessive  in  the  nerve-ganglia,  corre- 
sponding with  their  brilliant  crimson  colour. 

I  may  mention  here  that  the  orange  or  yellow  colour  of  the  nerve- 
ganglia  of  many  Mollusca  is  not  due  to  Hsemoglobin. 

6.  Presence  of  Hcemoghhin  in  the  muscles  of  the  dorsal  fin  of  Hippo- 
campus.— The  abundance  of  the  little  fish  Hippocampus  in  the  Gulf  of 
Naples  has  enabled  me  to  confirm  an  observation  made  three  years  ago 
on  specimens  which  died  in  the  aquarium  in  Eegent's  Park.  Whilst  the 
other  locomotive  muscles  of  this  and  other  fish  are  quite  free  from  colour, 
the  muscles  attached  to  the  base  of  the  dorsal  fin  are  seen  to  have  a  pale 
red  colour;  and  on  examination  with  the  spectroscope  this  colour  is 
found  to  be  due  to  HsBmoglobin.  Microscopic  examination  proves  the 
colouring-matter  to  be  diffused  in  the  muscular  tissue,  and  not  to  be  due 
to  a  special  vascularity  of  the  part  in  question.  Probably  other  specially 
active  muscles  of  other  fishes  may  be  found  to  be  in  the  same  case  as  those 
of  the  dorsal  fin  of  Hippocampus ;  but  I  have  not  made  any  extended  ob- 
servations on  this  point. 

The  deep  red  coloration  of  the  heart  in  Vertebrata  generally  is  readily 
proved  by  the  spectroscope  to  be  due  to  the  presence  of  H»moglobin ;  but 
owing  to  the  greats  vascularity  of  the  tissue  in  some  cases,  or  to  its 
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cavernous  structure  in  others,  and  its  consequent  close  assodation  with 
the  Haemoglobin  of  the  blood,  this  does  not  seem  remarkable.  I  have  riot 
attempted  thoroughly  to  remove  the  blood  from  the  heart  by  injection  of 
salt-solution,  as  was  done  by  Kuhne  with  the  voluntary  muscular  tissue 
of  Mammals.  

The  facts  ascertained  as  to  the  distribution  of  Hsemoglobin  may  now  be 
summarized  as  follows : — 

1.  In  special  corpuscles. 

a.  In  the  blood  of  all  vertebratc*s,  excepting  Leptoc^halus  and 
Amphioxxis  (?). 

6.  In  the  perivisceral  fluid  of  some  species  of  the  Vermian  genera 
Glycera,  Capitella^  and  Phoronis, 

c.  In  the  blood  of  the  Lamellibranchiate  Mollusk  Solen  legumen. 

2.  Diffused  in  a  vascular  or  ambient  liquid. 

a.  In  the  peculiar  vascular  system  of  the  Gi^topodous  Annelids 
very  generally,  but  with  apparently  arbitrary  exceptions. 

b.  In  the  vascular  system  (which  represents  a  reduced  peri- 
visceral cavity)  of  certain  leeches,  but  not  of  all  (Nephelis,  Hirudo). 

c.  In  the  vascular  system  of  certain  Turbellarians  as  an  exception 
(Polia). 

d.  In  A  special  vascular  system  (distinct  from  the  general  blood- 
system)  of  a  marine  parasitic  Crustacean  (undescribed)  observed  by 
Professor  Edouard  van  Beneden. 

e.  In  the  general  blood-system  of  the  larva  of  the  Dipterous  insect 
Cheironomus, 

f.  In  the  general  blood-system  of  the  pulmonate  mollusk  PJa- 
norbis, 

g.  In  the  general  blood-system  of  the  Crustaceans  Daphnia  and 
Cheirocephalus, 

3.  Diffused  in  the  substance  of  muscular  tissue. 

o.  In  the  voluntary  muscles  generally  of  Mammalia,  and  probably 
of  birds,  and  in  some  muscles  of  reptiles. 

6.  In  the  muscles  of  the  dorsal  fin  of  the  fish  Hippocampus,  being 
generally  absent  from  the  voluntary  muscular  tissue  of  fish. 

c.  In  the  muscular  tissue  of  the  heart  of  Vertebrata  generally. 

d.  In  the  unstriped  muscular  tissue  of  the  rectum  of  man,  being 
absent  from  the  unstriped  muscular  tissue  of  the  alimentary  canal 
generally. 

e.  In  the  muscles  of  the  pharynx  and  odontophor  of  Qaflteropodous 
Mollusks  (observed  in  Lymncnis,  PidwUna,  Littorina,  Patella,  Chiton^ 
Aplysui),  and  of  the  pharyngeal  gizzard  of  Aplysia,  being  entirely 
absent  from  the  rest  of  the  muscular  and  other  tissues  and  the  blood 
of  these  mollusks.     See  as  to  Planorbis  above  (2/). 

/.In  the  muscular  tissue  of  the  great  pharyngeal  tube  of  Aphro^ 
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dite  aeuleata,  being  absent  from  the  muscular  tissue  and  from  the 
blood  in  this  animal,  and  absent  from  the  muscular  tissue  generally 
in  all  other  Annelids  as  far  as  yet  examined. 
4.  Dilhised  in  the  substance  of  nervous  tissue. 

a.  In  the  chain  of  nerve-ganglia  of  Aphrodite  acidecUa, 


The  significance  of  these  observations  depends  to  a  large  extent  on  the 
negative  results  given  by  very  numerous  observations  not  recorded  here. 
I  have  taken  every  opportunity,  during  some  years  past,  of  examining 
coloured  animal  matters  with  the  spectroscope,  and  especially  where  there 
could  be  a  suspicion  of  the  presence  of  Hemoglobin  *.  Thus,  where  the 
absence  of  Haemoglobin  is  generally  stated  above,  it  must  be  understood 
that  examination  has  been  made  for  it  in  such  cases  as  have  been  acces- 
sible. I  have  found  that  many  cases  of  red  coloration  of  a  tissue  or  liquid, 
which  might  be  supposed  to  be  due  to  Hemoglobin,  are  certainly  not  so, 
such  red-coloured  matter  failing  to  give  the  characteristic  bands  of  that 
body,  and,  as  a  rule,  giving  no  detached  characteristic  bands.  Such  are 
the  red  pigments  occurring  in  the  blood-corpuscles  of  SipunctduSj  in  the 
tissues  of  many  Annelids,  in  Echinodermata,  in  compound  Tunicata,  sur- 
rounding the  intestine  of  Scdpa,  in  the  foot  and  mantle  of  many  Mollusca, 
also  in  their  nerve-ganglia  and  other  parts,  in  the  chromatophores  of 
Cephalopoda,  in  certain  Infusoria.  On  the  other  hand,  among  coloured 
bodies  not  suggesting  HaBmoglobin,  I  have  found  an  equally  large  number 
devoid  of  characteristic  spectra,  but  some  few  which  exhibit  the  remark- 
able phenomenon  of  detached  definite  bands  of  absorption,  which  enables 
them  to  be  certainly  characterized  and  recorded.  Such  are  : — a  chlorophyl- 
like  body  oocuning  in  Spongilla,  in  Hydra  viridis,  and  in  Mesostomum  viride ; 
Chlorocruorin,  which  takes  the  place  of  Haemoglobin  in  the  vascular  fluid 
of  the  Chlor^miens  and  some  species  of  Sabella ;  Stentorin,  giving  the  in- 
tense blue  colour  to  the  Inf  usorian  Stentor  cagruleus,  and  possessing  a  very 
marked  and  peculiar  pair  of  absorption-bands.  With  one  single  exception, 
it  appears,  from  the  examination  of  a  great  number  of  cases,  both  among 
Vertebrates  and  Invertebrates,  that  coloured  bodies  which  may  be  supposed 
to  be  purely  pigmentary  in  their  function  do  not  give  detached  absorption- 
bands.  The  exception  is  the  red  colouring-matter  named  Turacin  by 
Professor  Church,  discovered  by  him  in  the  feathers  of  birds  of  the  family 
MusophagidflB,  which  has  other  properties  quite  unusual  in  pigmentary 
bodies.  In  an  examination  of  a  large  number  of  birds'  feathers,  red,  yel- 
low, blue,  and  green,  I  failed  to  obtain  detached  absorption-bands,  as 

*  I  may  Htate  that  I  hare  not  hitherto  made  any  obeervations  on  the  colouring- 
matten  of  the  biliary  secretion  in  Inrertebrata  and  the  lower  Yertefarates,  excepting  in 
their  fineih  condition.  The  use  of  the  spectroscope,  combined  with  chemical  reagents, 
would  no  doubt  lead  to  interesting  results  in  that  field,  since  a  variety  of  substances 
giving  characteristic  absorption-spectra  bare  been  obtained  from  the  manipulation  of 
mammftlian  bile-pigment. 
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also  in  the  scales  of  fish  and  in  the  skin  and  hair  of  mammals,  and  in 
the  pigments  of  many  Crustaceans,  Annelids,  Insects,  Tunicates,  and 
Sponges  *.  

From  a  consideration  of  the  fact«  stated  above  with  regard  to  the  mode 
of  occurrence  and  distribution  of  Hsemoglobin  in  animal  organisms,  the 
following  general  statements  may  be  made,  which  are  in  accordance  with 
the  now  thorough  establishment,  by  chemical  investigation,  of  its  peculiar 
oxygen-carrying  property. 

Hemoglobin  is  irregularly  distributed  throughout  the  animal  kingdom, 
being  absent  entirely  only  in  the  lowest  groupsf.  It  may  be  present  in  all 
the  representatives  of  a  large  group,  with  but  one  or  two  exceptions,  or  it 
may  be  present  in  one  only  out  of  the  numerous  members  of  such  a 
group ;  or,  again,  it  may  be  present  in  one  and  absent  in  another  species 
of  the  same  genus.  It  may  occur  in  corpuscles  in  the  blood,  or  diffused 
in  the  liquor  sanguinis,  or  in  the  muscular  tissue,  or  in  the  nerve-tissae. 
The  same  apparent  capriciousness  characterizes  its  occurrence  in  tissues 
as  in  specific  forms.  It  may  be  present  in  one  small  group  of  muscles  and 
absent  from  all  the  rest  of  the  tissues  of  the  body,  or  it  may  occur  in  aHe 
part  only  of  a  tissue,  histologically  identical  throughout  its  distribution  in 
the  organism.  The  apparently  arbitrary  character  of  this  distribution  is 
to  be  explained  (though  only  partially)  by  a  reference  to  the  chemical 
activity  of  HsBmoglobin.  Wherever  increased  facilities  for  oxidation  are 
requisite,  Hemoglobin  may  make  its  appearance  in  response ;  where  such 
fadlities  can  be  dispensed  with,  or  are  otherwise  supplied,  Hsemoglobin 
may  cease  to  be  developed. 

The  Vertebrata  and  the  Annelida  possess  a  blood  containing  Hemo- 
globin in  correlation  with  their  greater  activity  as  contrasted  with  the 
Mollusca,  which  do  not  possess  such  blood.  The  actively  burrowing 
Solen  lefpinien  alone  amongst  Lamellibranchiate  Mollusks,  and  amongst 
Gasteropods  only  PlanorhU,  respiring  the  air  of  stagnant  marshes,  possess 
blood  containing  Hemoglobin.  In  the  fonner  the  actinty,  in  the  latter 
the  deficiency  of  respirable  gases  are  correlated  with  the  exceptional  de- 
velopment of  Hemoglobin.  But  we  cannot  as  yet  offer  an  explanation  of 
the  absence  of  Hemoglobin  from  the  closely  allied  species  of  Solen^ 
and  from  the  Lym^wn  which  accompany  Pla^iorbis,  The  Crustaceans 
CheirocepTialus  and  Daphnia,  and  the  larva  of  CJieirotiomu^,  possessing, 
as  exceptions  in  their  classes.  Hemoglobin  in  their  blood,  inhabit  stations 
w^here  the  amount  of  accessible  oxygen  must  be  small  (that  is  to  say, 
stagnant  ponds),  the  last  living  in  putrescent  mud  ;  whilst  the  possession 

*  See  Journal  of  Anatomy  and  Physiology,  1869-70,  p.  119. 

t  [Note.  Dec.  24th,  1872.] — It  is  perhaps  of  some  siguificance  that  Hicmoglobin  has 
only  heen  found  in  that  great  group  of  the  animal  kingdom  which  in  the  course  of  itH 
development  gives  rise  to  a  middle  layer  of  blastodermic  ccUs  or  mesoderm,  and  in 
examples  from  nearly  every  great  branch  of  this  stem. 
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of  abundant  HsBmoglobin  in  its  vascular  fluid  may  be  supposed  to  be  one 
of  the  chief  properties  which  enables  the  oligochffit  Annelid  Tubifex  to 
bold  its  ground  in  the  foul,  and  therefore  much  deoxygenated,  water  of 
the  Thames  at  London. 

The  known  chemical  properties  of  HsBmoglobin  furnish  a  more  com- 
plete explanation  of  its  peculiar  distribution  in  tissues.  That  it  should 
occur  in  a  circulating  fluid,  which  is  the  medium  of  respiration,  is 
obviously  related  to  those  properties.  Its  occurrence  in  the  Toluntary 
muscles  of  the  most  active  of  Yertebrata,  and  in  the  most  active  muscles 
of  some  others  (as  in  the  case  of  the  dorsal-fin  muscles  of  Hijppoeampu$\ 
IB  equally  so ;  so  also  its  occurrence  in  the  most  powerfully  actang  pari 
of  the  intestinal  muscles,  those  of  the  rectum,  and  in  the  only  rapidly  and 
constantly  acting  muscles  of  the  Gasteropods,  namely  those  used  in 
biting  and  rasping. 

To  connect  its  occurrence  in  the  nervous  chain  of  Aphrodite  aenUata 
with  its  properties  is  more  difficult,  since  we  have  no  knowledge  that  this 
Annelid  is  remarkable  for  nervous  energy.  The  large  bulk  of  the  animal 
in  proportion  to  the  size  of  the  nervous  system,  and  the  deficient  respira* 
tion,  indicated  by  the  very  slightly  developed  vascular  system  and  the 
total  absence  of  Hjemoglobin  from  the  fluids  of  the  worm,  may  be  a  rea- 
son for  the  endowment  of  the  nervous  centre  which  has  to  control  such 
a  large  and  complicated  organism  with  a  special  duality  for  appropriating 
what  little  oxygen  may  come  in  its  way. 

The  complete  absence  of  HsBmoglobin  from  Lejptoeephalus  is  an  example 
of  the  submission  of  an  auxiliary,  but  not  an  essential,  structural  attribute 
to  an  all-powerful  necessity — that  of  transparency.  The  absence  of  Hiemo- 
gloUn  from  the  transparent  Annelid  Metope  may  be  similarly  correlated. 

From  what  has  been  stated  above  as  to  the  Hamoglobin-bearing  cor- 
puscles of  Ghfcera^  Solen,  and  the  Yertebrata,  it  appears  that  when  Hae- 
moglobin is  present  in  the  blood  in  eorpuedee^  these  corpuscles  are  of  a 
peculiar  character,  and  are  specially  related  to  the  presence  of  the  HsBmo- 
globin. When  that  is  absent,  other  things  remaining  the  same  (as  with 
the  blood  of  Solen  eneis  and  the  perivisceral  fluid  of  most  Annelids),  the 
peculiar  corpuscles  are  absent.  Such  things  as  colourless  corpuscles, 
representative  of  the  Hjemoglobin-bearing  corpuscles,  do,  however,  appear 
to  exist  in  the  case  of  the  fish  LeptocephcUus.  In  connexion  with  the 
relation  of  the  colourless  corpuscles  of  vertebrate  blood  to  the  red  cor- 
puscles, and  of  the  corpuscles  of  the  vascular  fluids  of  Invertebrata  to 
one  another  and  to  those  of  Yertebrates,  these  &cts  seem  to  be  important : 
the  colourless  corpuscles  in  one  case  are  only  comparable  to  the  colour- 
less in  another ;  the  red  corpuscles  are  something  apart,  which  may  or 
may  not  be  superadded*. 

*  [Nate.  Bee.  24th,  1872.]— The  two  kinds  of  oorpiuolee  maj  be  deEoitelj  distin- 
guiflhed  from  one  another  as  leucocyiea  and  pneumoeytes, 
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The  corpuscles  of  the  perivisceral  fluid  of  the  (^ephyrean  Sipwucudm 
nudusj  which  is  abundant  in  the  Gulf  of  Naples,  present  some  facts  which 
are  interesting  in  relation  to  the  occurrence  of  Hsmoglobin ;  and  I  may 
therefore  draw  attention  to  them  before  concluding  this  paper.  The  fluid 
which  is  contained  in  the  perivisceral  cavity  of  this  worm  is,  as  is  well 
known,  of  a  pale  madder-red  colour.  It  contains  a  remarkable  abundance 
and  variety  of  corpuscles,  the  most  numerous  of  which  are  thick  circular 
disks,  varying  in  diameter  from  gj^^p  to  ^l^  of  an  inch ;  and  in  these, 
and  these  only,  the  pink  colour  resides  (fig.  7).  These  pink  corpuscles 
consist  of  a  clear  homogeneous  substance,  of  high  refringent  power,  in 
which  are  scattered  three  or  four  bright  granules  and  a  small  nucleus, 
which  is  rendered  obvious  by  the  action  of  acetic  acid.  Bosaniline  stains 
this  nucleus,  but  does  not  usually  give  any  other  maculsD,  such  as  are  to  be 
observed  when  it  is  added  to  HaDmoglobin-contaiuing  corpuscles*.  Dr. 
Alexander  Brandt,  in  a  recent  memoir,  very  rightly  insists  on  the  similarity 
between  these  pink  corpuscles  of  Sipunculus  and  the  red  corpuscles 
of  the  blood  of  Yertebrata:  they  are  something  quite  distinct  from 
the  amcBboid  corpuscles  found  in  the  fluid  corresponding  to  blood 
in  nearly  all  Invertebrata,  and  are  to  be  compared  to  the  red  cor- 
puscles of  Glycera,  Solen,  and  Vertebrates.  The  amoeboid  corpuscles  are 
otherwise  represented  in  l^e  perivisceral  fluid  of  Sipuncultts  by  numerous 
active  amoeboid  cells.  Dr.  Brandt,  naturaUy  enough,  regarded  the  pink 
colour  of  these  corpuscles  as  favouring  their  assimilation  to  vertebrate  red 
corpuscles.  The  colour  en  masse  is,  however,  obviously  different  from  that 
of  dilute  HsDmoglobin ;  and  I  was  not  therefore  surprised  to  find  that  it 
did  not  give  the  absorption-spectrum  of  that  body.  This  pink  colouring- 
matter  is  soluble  in  water.  When  a  little  fresh  water  is  added  to  some  of 
the  perivisceral  fluid  in  a  tube,  it  takes  up  all  the  colour,  whilst  the  cor- 
puscles sink  in  a  colourless  condition  to  the  bottom.  No  detached  bands 
of  absorption  of  any  kind  were  given  by  the  colouring-matter  thus  ob- 
tained ;  a  slight  acidulation  with  acetic  add  was  sufficient  to  destroy  the 
colour.     Ammonia  had  the  same  action,  also  ether  and  alcc^ol. 

Though  this  pink  substance  is  thus  devoid  of  the  spectral  properties 
which  characterize  Hemoglobin  and  Chlorocruorin,  it  does  not  seem  im- 
probable that  it  is  a  body  analogous  to  them  in  other  properties,  since  the 
corpuscles  in  which  it  resides  can  only  be  compared  to  the  respiratory  or 
oxygen-carrying  corpuscles  occurring  in  the  blood  of  Vertebrates  and  the 
four  Invertebrates  noticed  in  this  paper.  Moreover  this  pink  colouring- 
matter  occurs  in  other  parts  of  the  organism  of  Sipuneuhu,  namely,  dif- 
fused in  the  substance  of  a  remarkable  tissue  which  runs  along  the  waQ 
of  the  intestine,  forming  a  red  streak,  which  has  sometimes  been  taken 
for  a  blood-vessel,  and  idso  in  the  peculiar  cellular  tissue  which  surrounds 
the  true  nerve-tissue  of  the  nerve-chord. 

*  On  one  oooadon  out  of  many  I  obtained  an  appearance  of  the  kind;  and  henoe 
further  observation  on  this  point  is  neoesaarj. 
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The  oocuirence  of  colourless  corpuscles  in  Leptocephalus  identical  in 
form  and  character  with  the  Hemoglobin-bearing  corpuscles  of  the  blood 
of  other  fish,  and  the  apparently  capricious  distribution  of  H»moglobin 
among  Invertebrata,  together  with  the  existence  of  the  green  oxygen- 
carrier  Chlorocruorin  and  the  pink  colouring-matter  of  the  corpuscles  of 
Sipuncviua  nudus^  suggest  the  hypothesis  of  the  existence  of  various  bodies 
not  necessarily  red,  possibly  colourless,  which  act  the  same  physiological 
part  in  relation  to.oxygen  as  does  Hasmoglobin. 


DESCEEPTIOK  OF  PLATE  I. 

Fig.  1.  Glyeera,    Bed  corpuBdes  acted  on  by  aoetio  acid. 

Fig.  2.  Gfycera,    Bed  oorpuacles  acted  on  by  magenta. 

Fig.  3.  Glycera,  a  to  /  normal  red  corpuscles ;  y,  seen  laterally ;  A,  t,  tertioular  cell- 
masses;  k,  UuoocytBij,  I,  ova. 

Fig.  4.  Solen  legumen.  a,  b,  c,  normal  red  corpuscles ;  d,  «,  leuoooytes  of  Solen  ensis 
identical  with  leucocytes  of  8,  legumen^  with  nucleus  stained  by  magenta. 

Fig.  5.  Solen  legumm,    a,  b^  e^  red  corpuscles  acted  on  by  dilute  aoetio  acid ;  d,etf,ff 
ditto  actid  on  by  magenta. 

Fig.  e.  Phoronia  kippocrepia.    Bed  corpuscles  acted  on  by  dilute  acetic  add. 

Fig.  7.  Sipunctdu8  nudus,  a  to  ^,  normal  pink*coloared  corpusdee  of  the  peririsceral 
fluid ;  b  contains  a  crystal ;  h,  leucocyte  firom  the  same  fluid ;  itj,  pink  cor- 
puscles (pneumocytes)  acted  on  by  dilute  acetic  acid. 


II.  "  On  the  Structural  Composition  of  Urinary  Calculi.'*  By 
H.  Vandyke  Cabter,  M.D.  Lond.  Communicated  by  L.  S. 
Beale,  M.D.,  P.R.S.    Received  October  11,  1872. 

(Abstract.) 

Having  occasion  during  his  late  residence  in  Western  India  to  remove 
numerous  urinary  calculi  from  persons  belonging  to  the  indigenous  popu- 
lation,  the  author  was  enabled  to  pursue  an  inquiry  into  the  character  of 
these  concretions  which  he  had  begun  in  the  year  1859  by  the  chemical 
analysis  of  a  large  number  of  such  calculi ;  it  remained  then  to  make  use 
of  the  microscope  as  a  means  of  investigation;  and  since  no  record  of  a 
similar  systematic  inquiry  to  that  now  undertaken  has  been  published,  so 
far  as  known  to  the  author,  it  was  thought  desirable  that  this  hiatus  in 
medical  literature  should,  however  imperfectly,  be  forthwith  filled  up. 

The  plan  adopted  was  to  submit  nunute  fragments  taken  from  the  real 
or  apparent  nuclei,  and  from  succeeding  layers  and  crust,  of  the  calculi 
examined  to  the  scrutiny  of  average  optical  powers,  the  highest  available 
magnifying  about  300  diameters.  DistiQed  water  was  the  ordinary 
medium  employed ;  and  in  all  cases  chemical  tests  were  conjointly  used 
for  the  purposes  of  detection  or  confirmation.  After  sufficient  practice, 
it  became  apparent  that  the  microscopic  analysis  of  calculi,  thus  carried 
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out,  is  not  only  valuable,  but  that  it  is  even  more  delicate  than  the 
simply  chemical  method ;  by  it  will  be  seen  more  clearly  than  before  that 
no  urinary  deposit  long  retains  an  unmixed  character,  and  besides  will 
be  gained  a  more  accurate  conception  of  the  true  character  and  structure 
of  these  hurtful  concretions. 

Particular  attention  has  been  given  to  the  nature  of  their  nuclei  or 
first-formed  ingredients,  for  it  was  obviously  desirable  to  ascertain  the 
material  and  mode  of  commencement  of  calculi;  and  the  author  re- 
gards it  as  not  the  least  interesting  of  his  results  to  have  determined  the 
very  frequent  presence  of  urates  in  a  globular  form  at  their  very  earliest 
beginnings.  Stones  removed  from  adults  as  well  as  from  children  may 
possess  a  nucleus  thus  formed,  and  to  such  origin  may  succeed  all 
varieties  of  calculous  deposit.  The  next  most  common  ingredient  of  the 
nucleus  is  the  oxalate  of  lime,  and  this,  too,  in  a  form  not  generally  re- 
cognized, viz.  as  large  rhombic  crystals  ;  frequently,  however,  octahedral, 
oval,  and  dumb-bell  forms  are  seen,  as  well  as  spheroidal  bodies  origi- 
nating from  the  latter;  these  last-named  structmes  are  very  charac- 
teristic. The  nucleus  of  a  calculus  was  comparatively  seldom  found  to 
consist  of  uric-acid  crystals. 

Next  in  importance  to  the  observation  that  globular  and  granular 
urates  very  frequently  compose  the  nucleus  of  all  varieties  of  calculi,  and 
have  commonly  associated  with  them  the  oxalate  of  lime,  is  the  evidence 
elicited  of  the  operation  of  known  physical  influences  in  determining  the 
form  which  these  salt«  assume  in  connexion  \«ith  stone.  Seference  is 
made  to  the  modifying  influence  of  a  colloid  medium  upon  the  process  of 
crystallization  (as  so  admirably  illustrated  in  Mr.  Bainey's  well-known  re- 
searches) ;  and  it  is  here  found  that  both  urates  and  oxalates  may  present  Uie 
various  stages  of  globular  particles,  complex  globules,  or  spheroids,  either 
separate  or  blended,  and  lamin®  of  varying  thickness :  there  are  evident 
signs,  too,  that  these  structures  undergo,  at  times,  more  or  less  disinte- 
gration, which  may  be  followed  by  a  rearrangement  of  their  molecules ; 
and  more  especially  does  the  calcic  oxalate  seem  disposed  to  undergo 
these  changes,  the  resulting  forms  being  highly  characteristic.  Neither 
uric  acid  nor  the  phosphates  were  found  otherwise  than  in  a  simpler 
crystalline  form ;  the  former,  however,  when  liquor  potass®  is  added,  may 
in  combination  be  noticed  to  pass  into  minute  globular  particles,  the 
urate  of  potash  being  seen  in  the  field  of  the  microscope  to  assume  some 
of  the  characters  of  ordinary  urates ;  and  phosphate  of  lime  artificially 
produced  was  also  observed  in  the  shape  of  dumb-bells  and  spheres. 

The  author  refers  to  the  structure  of  Saphides,  agates,  some  shells, 
&c.,  and  concludes  that  urinary  calculi  should  not  be  classed  with  ordi- 
nary concretions  or  mere  mineral  masses ;  it  is  not,  however,  evident  that 
the  animal  basis  of  calculous  matter,  essential  ingredient  though  it  be^ 
presents  or  retains  a  strictly  cellular  character. 

Some  details  respecting  the  source  and  other  characters  of  the  calcoU 
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submitted  to  examination  are  added,  with  a  Table  spedfying  the  sex,  age, 
Ac,  of  patients,  weight  and  composition  of  the  specimens,  &c. 

A  second  Table  shows  an  arrangement  of  the  ascertained  ingredients 
in  a  form  which,  if  not  complete,  may  yet  be  useful ;  in  it  the  rarer  sub- 
stances belonging  to  urinary  calculi  are  not  included. 

Next  follows  a  description  of  each  well-known  ingredient  as  it  was  ob- 
served to  occur : — Uric  acid  is  here  crystalline,  but  not  in  the  shapes  pre- 
yalent  in  urinary  deposits  ;  free  crystals  (1)  are  comparatiyely  rare,  and 
open  columns  (2),  or  else  compact  laminsB  (3),  are  most  frequent ;  amidst 
these  the  very  general  occurrence  of  simple  oxalate-of-lime  forms  is  men- 
tioned.    The  Urates  are  present  in  calculi,  as  (1)  granules,  (2)  acicular 
crystals,  (3)  globules,  (4)  lamina :  the  relation  of  the  two  latter  forms 
is  described,  and  the  apparent  character  of  their  animal  basis.     Oxalate  of 
lime  would  seem  to  be  the  most  prevalent  of  all  ingredients,  and  it  exists 
as  (1)  granules,  if  the  particles  were  really  shapeless,  as  they  appeared  to 
be ;  (2)  crystals — octahedral  (often  of  enormous  size),  ovoid,  and  dumb- 
bell shaped ;  (3)  spheroids,  or  large  composite  globular  particles  of  very 
characteristic  appearance,  and  originating  from  the  last-named  form ; 
(4)  laminsD,  also  characteristic.     Some  remarks  are  added  on  crystals  of 
the  oxalate  artificially  produced.     Certain  crystals^  styled  peculiar^  are  de- 
scribed ;  they  are  frequently  admixed  with  the  urates,  and,  upon  grounds 
specified  in  detail,  are  judged  to  be  a  form  of  the  calcic  oxalate.     PAo9- 
phate  of  lime :  free  crystals  of  this  salt  have  not  been  seen  in  calculi ;  and 
compact  layers,  authoritatively  recognized,  have  varied  in  appearance 
either  as  the  result  of  disintegration,  or  possibly  in  consequence  of  some 
difference  in  chemical  composition — ^a  point  amongst  others  needing 
forther  investigation.     Bespecting  the  triple  phogpJuUe  and  the  fusible 
calculus,  details  of  their  microscopic  appearance  are  submitted  in  the 
communication  under  notice. 

In  conclusion,  figures  arranged  in  four  Plates,  with  descriptions,  are 
appended. 

m.  "  Researches  in  Spectrum- Analysis  in  connexion  with  the 
Spectrum  of  the  Sun.'* — No.  I.  By  J.  Norman  LockyeRj 
P.R.S.     Received  November  6,  1872. 

(Abstract.) 

The  author,  after  referring  to  the  researches  in  which  he  has  been 
engaged  since  January  1869  in  conjunction  with  Dr.  Frankland,  refers  to 
the  evidence  obtained  by  them  as  to  the  thickening  and  thinning  of  spec- 
tral lines  by  variations  of  pressure,  and  to  the  disappearance  of  certain 
lines  when  the  method  employed  by  them  since  1869  is  used.  This  method 
consists  of  throwing  an  image  of  the  light-source  to  be  examined  on  to  the 
sHt  of  the  spectroscope. 
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It  is  pointed  out  that  the  phenomena  obsenred  are  of  the  same  nature  as 
those  already  described  by  Stokes,  W.  A.  Miller,  Eobinson,  and  Thalen,biit 
that  the  application  of  this  method  enables  them  to  be  better  stadied,  the 
metallic  spectra  being  clearly  separated  from  that  of  the  gaseoos  medium 
through  which  the  spark  passes.  Photographs  of  the  spark,  taken  in  air 
between  sine  and  cadmium  and  zinc  and  tm,  accompany  the  pi^r,  show- 
ing that  when  spectra  of  the  vapours  given  off  by  electrodes  are  studied 
in  this  manner,  the  vapours  close  to  the  electrode  give  lines  which  dis- 
appear from  the  spectrum  of  the  vapour  at  a  greater  distance  from 
the  electrode,  so  that  there  appear  to  be  long  and  short  lines  in  the 
spectrum. 

The  following  elements  have  been  mapped  on  this  method : — ^Na, 
Li,  Mg,  Al,  Mn,  Ck),  Ni,  Zn,  Sr,  Cd,  Sn,  Sb,  Ba,  and  Pb,  the  lines 
being  laid  down  from  Thalen's  maps,  and  the  various  characters  and 
lengths  of  the  lines  shown. 

Iq  some  cases  the  spectra  of  the  metals,  enclosed  in  tubes  and  subjected 
to  a  continually  decreasing  pressure,  have  been  observed.  In  all  these 
experiments  the  lines  gradually  disappear  as  the  pressure  is  reduced,  the 
shorUst  ItTies  disappearing  first,  and  the  longest  lines  remaining  longest 
visihle. 

Since  it  appeared  that  the  purest  and  densest  vapour  alone  gave  the 
greatest  number  of  lines,  it  became  of  interest  to  examine  the  spectra  of 
compounds  consisting  of  a  metal  combined  with  a  non-metallic  element. 
Experiments  with  chlorides  are  recorded.  It  was  found  in  all  cases  that 
the  difference  between  the  spectrum  of  the  chloride  and  the  spectrum  of 
i^e  metal  was  that  under  the  same  spark-conditions  all  the  short  lines 
were  obliterated.  Changing  the  spark-conditions,  the  final  result  was  that 
only  the  very  longest  lines  in  the  spectrum  of  the  metallic  vapour  re- 
mained. It  was  observed  that  in  the  case  of  elements  with  low  atomie 
weights,  combined  with  one  equivalent  of  chlorine,  the  numbers  of  lines 
which  remaui  in  the  chloride  is  large,  60  per  cent.,  e.  g,,  in  the  case  of  Id, 
and  40  per  cent,  in  the  case  of  Na ;  while  in  the  case  of  elements  with 
greater  atomic  weights,  combined  with  two  equivalents  of  chlorine,  a  much 
smaller  number  of  lines  remaui — 8  per  cent,  in  the  case  of  barium,  and 
3  per  cent,  in  the  case  of  Pb. 

The  application  of  these  observations  to  the  solar  spectrum,  to  elucidate 
which  they  were  undertaken,  is  then  given. 

It  is  well  known  that  all  the  known  lines  of  the  metallic  elements  on 
the  solar  atmosphere  are  not  reversed.     Mr.  Lockyer  states  what  Ejrch- 
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hoff  and  Angstrom  have  written  on  this  subject,  and  what  substances, 
according  to  each,  exist  in  the  solar  atmosphere.  He  next  announces  the 
discovery  that,  with  no  exception  whatever,  the  lints  which  are  reversed  art 
Hie  longest  lines.  With  this  additional  key  he  does  not  hesitate  to  add,  (m 
the  strength  of  a  small  number  of  lines  reversed,  zinc  and  aluminium  (and 
possibly  strontium)  to  the  last  list  of  solar  elements  given  byThalen,  who 
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rejected  Emc  from  KircbhofPs  Hat,  and  agreed  with  him  in  rejecting  alu- 
minium. It  need  scarcely  be  added  that  these  lines  are  in  each  case  the 
longest  lines  in  the  spectrum  of  the  metal. 

The  help  whidi  these  determinations  afford  to  the  study  of  the  various 
cyclical  changes  in  the  solar  spectra  is  then  referred  to. 


December  19,  1872. 

Sir  GEORGE  BIDDELL  AIRY,  K.C.B.,  President,  followed 
by  Mr.  BUSK,  Vice-President,  and  Dr.  SIBSON,  Vice-Pre- 
sident, in  the  Chair. 

The  following  communications  were  read : — 

I.  '^  Magnetical  Observations  in  the  Britannia  and  Conway  Tu- 
bular Iron  Bridges.'^  By  Sir  George  Biddell  Airy,  K.C.B., 
P.B.S.,  Astronomer  Royal.     Received  October  12,  1872. 

(Abstract.) 

The  author  states  that  he  was  first  induced  to  make  these  experiments 
by  consideration  of  the  perpetual  tremor  to  which  the  iron  of  these  struc- 
tures is  subjected,  and  which  appeared  likely  to  have  made  them  unusu- 
ally sensitive  to  the  production  of  induced  and  perhaps  subpermanent 
magnetism.  The  experiments  were  actually  conducted  by  Mr.  James 
Carpenter  (then  Assistant  at  the  Royal  Observatory),  with  the  friendly 
cooperation  of  Captain  Tupman,  R.M.A.  Permission  was  given  by  the 
Directors  of  the  London  and  North- Western  Railway  Company,  and 
every  possible  assistance  was  given  by  the  resident  Officers  of  the  Com- 
pany, with  a  degree  of  zeal  and  liberality  which  cannot  be  too  highly 
appreciated.  The  observations  were  made  in  the  axis  of  each  tube,  a 
large  step-ladder  and  stage  adapted  to  the  cb-cumstances  having  been 
provided ;  the  observations  made  were  those  of  disturbed  magnetic  azi- 
muth, disturbed  time  of  vibration  of  a  horizontal  needle,  and  disturbed 
dip.  The  places  of  observation  were  : — ^in  each  line  of  the  Britannia  Bridge, 
a  station  on  each  of  its  five  supporting  towers  and  a  station  in  the 
middle  of  each  of  the  four  sections  of  the  continuous  tube,  and  also  stations 
in  the  prolongations  of  the  axis  of  the  bridge  to  a  considerable  distance  in 
each  direction,  making  in  all  twenty  stations ;  and  in  the  Conway  bridge, 
stations  in  each  Hne  at  the  piers  and  in  the  middle  of  the  tube,  and  also 
distant  stations  in  the  prolongation  of  the  axis  of  the  bridge,  making 
eight  stations  in  all. 

The  means  of  the  results  at  each  station  are  given  in  a  Table.  For 
further  treatment,  the  means  of  those  means  for  collateral  stations  are 
used ;  and  the  means  of  those  for  the  two  distant  stations  at  each  bridge 
are  adopted  as  giving  undisturbed  local  constants.     By  treatment  of 
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these  in  steps  exhibited  in  several  sucoessive  Tables,  results  are  found 
for  the  magnetic  disturbance  in  the  three  directions,  longitudinal,  trans- 
yersal,  and  vertical ;  and  these  are  compared  with  the  terrestrial  forces  in 
the  same  directions.  The  principal  results  are,  that  the  transversal  and 
vertical  parts  of  terrestrial  magnetism  are  absolutely  neutralised,  and  the 
terrestrial  longitudinal  force  is  diminished  by  about  one  fourth  part. 

An  anomaly  presented  itself  in  the  results  for  the  station  at  the  middle 
of  the  Anglesey  Wate-tube,  which  induced  the  author  to  inquire  of 
Edwin  Clark,  Esq.  (the  actual  Superintendent  of  the  construction  of  the 
bridges),  whether  any  peculiarity  of  material  could  explain  it.  Mr.  Clark 
immediately  remarked  that  this  was  the  tube  which,  in  the  act  of  raising 
the  sections  of  the  tube,  sustained  a  fall  of  several  inches,  undoubtedly 
straining  the  tube  very  greatly.  It  appears  almost  beyond  doubt  that  this 
accident  Is  the  cause  of  the  anomalous  magnetic  condition  of  that  section 
of  the  tube.  Mr.  Clark  remarks  that  it  is  an  interesting  fact,  if  esta- 
blished, that  the  result  of  an  accident  which  occurred  about  a  quarter  of  a 
century  ago  can  still  be  traced  in  the  magnetic  condition  of  the  tube. 

The  results  in  the  Conway  bridge,  for  transversal  and  vertical  action, 
are  in  perfect  agreement  with  those  for  the  Britannia  bridge ;  but  tbe 
results  for  longitudinal  disturbance  do  not  present  the  same  agreement. 
The  Conway  bridge,  however,  is  nearly  at  right  angles  to  the  magnetic 
meridian  ;  and  it  appears  probable  that  its  magnetlcal  state  depends  on 
the  circumstances  of  its  construction,  when  its  Holyhead  end  was  in  a  di^ 
rectlon  about  48^  50'  west  of  north,  in  which  position  it  would  reoeive 
much  magnetism,  which  the  forces  subsequently  acting  on  it  could  not 
remove. 

II.  "  On  the  Organization  of  the  Fossil  Plants  of  the  Coal-mea- 
sures.— ^Part  IV.  Dictyoxylon,  Lyffinodendron,  and  Heieran- 
ffium/^  ByW.  C.  Williamson,  F.R.S.,  Professor  of  Natural 
History  in  Owens  College,Manche8ter.   Received  December  4, 

1872. 

(Abstract.) 

In  1866  Mr.  Binney  gave  the  name  of  Dadoxylon  Oldhamium  to  a  fossil 
stem  of  a  plant  from  the  Lower  Coal-measures  of  Lancashire,  believing 
it  to  belong  to  the  same  class  of  Gymnospermous  Exogens  as  the  Pkutes 
of  Witham  and  the  Dadoxylon  of  Endlicher.  In  1869  the  author  pointed 
out  that  the  reticulated  markings  upon  the  surface  of  its  vessels  wexe 
modifications  of  the  spiral  fibre  of  fibro-vascular  tissue,  and  not  the  disks 
of  what  is  often  designated  glandular  fibre.  He  consequently  separated 
the  plant  from  the  Dadoxylons  imdcr  the  name  of  Dictyoxyhn  Oldhami%mt. 
At  the  Edinburgh  Meeting  of  the  British  Association  in  1871  he  gave  a 
brief  account  of  the  structure  of  this  plant,  as  also  of  what  appeared  to  be 
a  second  species  from  the  Lower  Coal-measures  of  Burntisland  in  Fife- 
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shire,  which  he  called  D,  Orievii,  after  its  discoverer,  D.  Ghrieve,  Esq.  A 
detailed  exposition  of  the  organization  of  these  two  plants  is  given  in  the 
memoir. 

Dietyaxyhn  (Hcffuxmium. — ^This  was  a  stem  composed  of  the  three  divi- 
aions  of  pith,  wood,  and  bark.  The  pith  consisted  of  regular  parenchyma 
without  divisions  or  cavities  of  any  kind.  In  very  young  plants  it  was 
surrounded  by  an  irregular  ring  or  medullary  cylinder  of  reticulated 
vessels,  not  arranged  in  radiating  lamin®.  This  cylinder  broke  up  at  an 
early  period  into  several  detached  vascular  bundles,  which,  as  the  stem 
enlarged,  became  widely  separated  from  each  other,  the  intervening  space 
being  occupied  by  medullary  parenchyma.  But  before  this  change  was 
completed,  the  true  ligneous  zone  appeared  as  a  thin  ring  of  vessels 
ammged  in  radiating  vertical  laminffi,  separated  from  each  other  by  large 
and  conspicuous  medullary  rays,  composed  of  mural  cellular  tissue. 
Additions  were  made  to  the  exterior  surface  of  this  zone  by  the  agency 
of  a  delicate  cellular  layer  of  cells,  which  constituted  the  innermost 
layer  of  the  bark.  These  additions  demonstrate  their  exogenous  nature 
in  several  specimens  in  which  the  vessels  of  the  outermost  zone  have 
not  attained  to  half  their  normal  size,  resembling  in  this  respect  some  of 
the  Lepidodendroid  plants  described  in  the  author's  last  memoir  (Part  III.). 
Through  these  successive  exogenous  growths  the  vascular  axis  of  the  stem 
ultimately  became  arborescent.  One  specimen  is  described  in  which 
such  a  vascular  axis,  though  imperfect  and  waterwom,  is  fuUy  six  inches 
in  diameter,  independent  of  the  bark ;  other  specimens  have  been  ob- 
tained intermediate  in  size  between  the  above  example  and  the  small 
stems  more  usually  met  with.  The  vascular  laminsB  increased  in  thick- 
ness as  they  proceeded  from  within  outwards,  and  then  subdivided,  in 
the  ordinary  exogenous  manner,  through  the  intercalation  of  new  medul- 
lary rays.  These  rays  are  remarkable  for  the  great  vertical  range  of  each 
one,  as  well  as  for  the  large  number  of  cells  which  enter  into  their  com- 
position. In  tangential  sections  they  appear  as  elongated  lenticular 
masses  of  parenchyma. 

The  Bark. — This  organ  is  separable  into  three,  if  not  four  layers.  The 
innermost  one  is  a  delicate  parenchyma  closely  investing  the  ligneous  zone, 
its  cells  being  continuous  with  those  of  the  medullary  rays.  At  its  outer 
sur&oe  this  tissue  passes  gradually  into  another  parenchymatous  layer  of 
greater  thickness  than  the  inner  one.  Both  of  them  have  patches  of 
dark-coloured  cells  scattered  through  their  tissues.  But  the  most  re- 
markable part  of  the  bark  is  the  third  or  prosenchymatous  layer,  which 
presents  very  different  features  according  to  the  aspect  in  which  it  is 
regarded.  In  the  transverse  section  it  consists  of  radiating  bands  of 
parenchyma  alternating  with  narrower  and  very  dark-coloured  ones  of 
woody  prosenchyma,  the  latter  looking  very  like  the  Boman  numerals 
upon  the  face  of  a  clock.  Tangential  sections  show  that  the  black  bands 
are  fibrous  lamins,  which  pursue  an  undulatory  course  as  they  ascend 
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t^irough  the  stem,  and  which,  as  thej  alternately  approach  and  reoede 
from  one  another,  divide  this  part  of  the  bark  into  a  series  of  lenticular 
or  rhomboidal  areal,  occupied  by  various  forms  of  parenchyma.  No 
vascular  bundles  enter  these  areolae ;  hence  they  are  something  altogether 
different  from  the  leaf-scars  of  the  Lepidodendra.  Externally  to  this  pro- 
senchymatous  layer  some  specimens  exhibit  detached  traces  of  a  very  thin 
external  layer  of  parenchyma,  apparently  derived  from  the  cells  of  the 
rhomboidal  areolie,  which  have  extended  beyond  the  fibrous  lAinitiw^  uid 
spread  themselves  over  the  surface  of  the  bark  as  a  continuous  layer; 
but  Uiis  condition  appears  to  be  confined  to  very  young  stems. 

Vascular  bundles  of  large  size  ascend  vertically  through  the  two 
inner  parenchymatous  layers  of  the  bark.  In  some  instances  each  of 
these  bundles  exhibits,  in  the  transverse  section,  an  oval  outline,  with  faint 
traces  of  a  vertical  division  into  two  parts.  But  ordinarily  the  two  halves 
of  the  bundle  have  separated,  forming  t\i'o  distinct  bundles,  which  are 
some  distance  apart.  They  exhibit  little  or  no  tendency  to  diverge  from 
the  ligneous  cylinder  as  they  ascend,  and  in  some  instances  actually 
become  incorporated  with  it.  It  is  remarkable  that  the  position  of  each 
of  these  double  bundles,  at  the  exterior  of  the  ligneous  zone,  corresponds 
with  the  spaces  intervening  between  the  detached  masses  of  the  medullary 
cylinder  within  it,  as  if  the  former  were  designed  to  act  as  buttresses 
strengthening  these  weaker  points  in  the  vascular  axis.  It  not  unfr&- 
quently  happens  that  exogenous  additions  are  made  to  such  of  these 
bundles  as  are  encompassed  by  the  innermost  layer  of  the  bark,  in  the 
shape  of  a  few  radiating  laminte  of  vessels  developed  on  their  out^  or 
peripheral  surfaces. 

One  specimen  of  the  vascular  axis  is,  as  already  mentioned,  so  large  as 
to  demonstrate  that  the  plant  became  arborescent. 

Though  Didyoxyhn  was  not  a  dichotomizing  plant,  like  Lepidodendrmi^ 
it  gave  off  lateral  bundles  of  vessels.  Some  of  these  are  simple  bundles, 
consisting  of  numerous  vessels  intermingled  with  some  cellular  tiasua 
Others  have  this  central  bundle  invested  by  a  thin  ring  of  radiating  l^miTia 
with  intervening  medullary  rays;  this  exogenous  ring  sometimes  be- 
comes developed  into  a  relatively  large  and  distinct  woody  zone,  like  that 
of  the  parent  axis.  The  vessels  of  these  lateral  growths  appear  to  be 
wholly  derived  from  the  radiating  woody  zone. 

A  second  form  of  lateral  appendage  appears  to  spring  from  the  me- 
dullary rays,  and  consists  of  a  cylindrical  mass  of  reticulated  cells,  whidi 
are  chiefly  prosenchymatous,  but  of  an  elongated  type.  It  is  suggested 
that  this  structure  may  have  been  prolonged  into  an  adventitious  root. 

The  structure  of  the  central  or  medullary  vascular  axis  of  the  former 

of  these  two  kinds  of  lateral  appendages  seems  to  indicate  that  the  history 

of  the  development  of  the  medullary  vascular  cylinder  in  these  plante 

corresponds  with  what  the  author  described  in  his  preceding  memoir 

^    (Part  III.)  as  taking  place  in  the  similar  parts  of  the  Lepidodendra^  viz.  that 
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Bome  of  the  oeDs  of  the  oentral  part  of  the  axis  underwent  rapid  fission, 
and  thus  deyeloped  a  distinct  cellular  medulla,  which  forced  the  medullary 
fessels  outwards  where  at  first  they  constituted  a  ring,  but  which  ring 
Boon  broke  up  into  the  detached  vascular  masses  already  referred  to  as 
adhering  to  the  inner  surface  of  the  exogenous  zones. 

The  enlargement  of  the  exogenous  woody  cylinder  by  the  peripheral 
intercalation  of  new  radiating  vascular  lamin®,  and  the  repeated  sub- 
dirision  of  these  lamins  by  a  corresponding  intercalation  of  new  medul- 
lary rays,  demonstrates  the  dose  resemblance  between  the  growth  of  tiie 
ligneous  isone  in  these  plants  and  that  of  ordinary  exogenous  stems.  A 
fine  series  of  specimens  collected  by  the  Bev.H.  Higgins,  of  "Bainhill,  near 
laverpool,  and  which  exhibit  rarious  modifications  of  the  type  figured 
by  the  late  Mr.  Gourlie  under  the  name  of  Lyginodendron  Landsburghii^ 
are  shown  to  be  merely  casts  of  the  exterior  surface  of  the  bark  of  some 
species  of  DietyoxyUm,  They  may  actually  belong  to  D,  Oldhamium;  but 
this  is  not  yet  proven. 

Dietyaxylon  Orievii. — This  plant  has  many  points  of  affinity  with  2). 
Oldhamiwn ;  nevertheless  it  has  very  distinct  features  of  its  own.  Its 
central  or  medullary  axis  is  very  large  in  proportion  to  the  thickness  of 
its  exogenous  ring ;  the  former  consists  of  cellular  parenchyma,  through- 
out which  are  scattered  numerous  bundles  of  exquisitely  reticulated 
Tessels  unprovided  with  any  special  sheaths.  The  largest  vessels  are 
nearest  the  centre  of  the  axis,  the  peripheral  ones  becoming  smaller,  more 
numerous,  and  grouped  in  more  continuous  masses.  Immediately  sur- 
rounding this  vasculo-cellular  axis  is  a  thin  ring  of  similar  vessels,  but 
arranged  in  radiating  lamin»,  separated  by  well-defined  medullary  rays. 
This  cone  is  generally  of  unequal  thickness  on  opposite  sides  of  the  plant, 
and  contains  some  barred  vessels  amongst  its  reticulated  ones;  the 
medullary  rays  are  composed  of  mural  cells. 

The  bark  consists  of  three  very  distinct  layers.  The  innermost  one  is 
very  thin,  consisting  of  delicate  parenchjrma,  but  which  nevertheless  has 
formed  a  very  clearly  defined  flexible  layer;  outside  this  is  a  thick 
stratum  of  coarser  but  regular  parenchyma  subdivided  in  the  transverse 
section  into  vaguely  defined  areas  by  thick  wavy  lines  of  condensed  cells. 
The  peripheral  outline  of  this  zone  is  very  irregular,  frequently  projecting 
out\rards  in  large  angular  masses.  It  is  bounded  by  a  prosenchymatous 
external  layer,  which  is  a  dwarfed  representative  of  the  corresponding  one 
of  2).  Oldhamium.  In  the  transverse  section  it  exhibits  dark  radiating 
bands  of  fibres,  longitudinally  disposed,  alternating  with  similar  bands  of 
parenchyma ;  but  it  differs  from  D.  Oldhamium  in  the  narrowness  of  the 
latter,  and  consequently  in  the  more  linear  form  of  the  cellular  areolae  of 
the  outer  bark.  In  longitudinal  sections  of  the  bark  its  innermost  layer 
appears  as  in  transverse  ones.  The  middle  parenchyma,  on  the  other 
hand,  exhibits  remarkable  differences  from  its  aspect  in  the  transverse 
section :  its  cells  are  arranged  in  vertical  columns ;  but  these  are  inter- 


90  On  the  Fossil  Plants  of  the  Coal-measures.  [Dec.  19, 

sected  at  intervals  of  nearly  ^  of  an  inch  by  horizontal  and  parallel 
bands  of  very  dark-coloured  cells  of  a  special  nature. 

Seven  or  eight  large  vasculo-cellular  bundles  exist  in  each  transverse 
section  of  the  bark.     Some  of  these  are  located  within  the  exogenous 
layer  of  the  wood,  being  obviously  detached  portions  of  the  cells  and  vessels 
of  the  medullary  axis ;  others  occur,  in  various  specimens,  at  every  point 
between  the  wood  and  the  outer  bark.      The  author  finds  that  these 
bundles  remained  for  a  time  in  the  immediate  neighbourhood  of  the  inner- 
most bark,  but  that  they  successively  became  detached  and  moved  more 
rapidly  outwards,  until  each  one  emerged  at  the  periphery  of  the  bark  in 
one  of  the  prominent  angles  of  the  latter,  already  referred  to ;  when  one 
bundle  has  thus  reached  the  periphery,  another  begins  to  follow  the  same 
centrifugal  course.    The  inference  is,  that  these  are  foliar  bundles,  sup- 
plying large  leaves  or  petioles,  sparsely  grouped  round  the  stem.     A  single 
example  of  a  similar  centrifugal  bundle  was  found  in  D.  OWutmium, 
The  seemingly  irregular  projections  of  the  bark  of  D.  Qrievii  thus  appear 
to  represent  angular  petioles,  and  are  not  the  result  of  merely  accidental 
pressures.     A  second  kind  of  cylindrical  bundle  is  noticed,  consisting  of 
reticulated  prosenchymatous  cells.    It  is  connected  at  its  central  extre- 
mity with  the  medullary  parenchyma,  whilst  its  peripheral  end  passes  out- 
wards through  the  bark.     It  appears  to  have  had  the  same  character  as 
the  similar  one  of  D.  Oldhamium,  having  probably  been  an  adventitious 
root-bundle. 

Somewhat  triangular  twigs  or  petioles  of  the  above  plant  are  numerous. 
They  consist  of  a  single  vascular  bundle,  located  excentrically  near  the 
cordate  base  of  the  triangular  transverse  section,  and  surrounded  by  the 
three  bark-layers  seen  in  the  older  stems.  The  structure  of  these  layers, 
as  seen  in  the  longitudinal  sections,  is  identical  with,  though  less  com- 
plex than,  that  of  the  matured  stems ;  but  no  cortical  vascular  bundles 
are  seen  in  them. 

Having  identified  his  Dictyoxylon  Oldhamium  with  the  older  genus  Zy- 
ginodendron,  the  author  abandons  his  own  generic  name,  and  proposes  that 
the  plant  shall  henceforth  be  designated  Lyc/inodendron  Oldhamium,  He 
establishes  in  the  same  way  the  generic  identity  of  Dictyoxylon  Qrievii 
with  the  HtUrarufium  of  Corda ;  hence  that  plant  must  now  take  the  name 
of  Hfterangium  Grievii.  Whilst  having  no  doubt  that  the  above  were  two 
Cryptogamic  plants,  it  appears  impossible  for  the  present  to  determine  to 
what  class  of  Cryptogams  they  belong.  Many  of  their  features  indicate 
Lycopodiaceous  afiinities ;  but  this  point  can  scarcely  be  determined  until 
the  actual  fronds  are  discovered.  This  has  not  yet  been  done.  The 
Lyginodendron  is  from  the  horizon  of  the  Ghuiister  beds  of  Lancashire  and 
Yorkshire;  the  Burntisland  deposit  belongs  to  the  middle  portion  of 
the  calciferous  sandstones  of  the  Burdiehouse  Carboniferous  strata. 
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III.  ^*  Observations  on  the  Temperature  of  the  Arctic  Sea  in 
the  neighbourhood  of  Spitzbergen.^'  By  John  C.  Wells^ 
Capt.  B.N.  Communicated  by  Dr.  Carpenter^  F.R.S.  Re- 
ceived November  28,  1872. 

While  almost  every  other  nation  is  making  its  effort  to  promote  scien- 
tific discoveries  in  the  high  latitudes  of  the  north,  England  remains 
inactive. 

My  object  in  addressing  the  following  remarks  to  the  Boyal  Society  is 
to  bring  to  its  notice  the  voyages  of  the  *•  Samson '  jracht,  and  to  direct 
attention  to  some  points  on  the  temperature  of  the  Arctic  Sea,  to  which 
access  is  obtained  through  the  broadest  gateway  to  the  north,  t.  e,  that 
between  Ghreenland  and  Norway,  the  portal  of  which  is  guarded  by 
Spitsbergen.  In  the  western  portion,  along  the  coast  of  Greenland,  it  is 
more  or  less  blocked  with  ice,  and  the  water  is  cold.  In  the  eastern  part, 
in  the  vicinity  of  Spitsbergen,  there  is  warm  water  and  an  open  sea  at 
certain  seasons  of  the  year  as  far  north  as  SP,  and  in  some  years  one  or 
two  degrees  further.  Nearly  all  the  discoveries  in  these  regions  have 
been  made  by  persons  engaged  in  commercial  enterprise ;  so  that,  even 
when  &vourable  opportunities  offered,  their  interests  restrained  them  from 
taking  advantage  of  the  same. 

In  1871  Mr.  B.^Leigh  Smith  made  a  cruise  in  his  schooner  yacht  *  Samson,' 
and  reached  81^  24'  N.,  with  an  open  sea  before  him,  comparatively  free 
from  ice.  The  pack-ice  was  drifting  southwards,  and  the  water  at  the  sur- 
face was  33^  F.,  while  at  300  fathoms  it  was  42^"  F.  This  fact  was  ob- 
served by  Capt.  Scoresby  in  lat.  78**  N.,  O'-IO  W.,  surface  32®  F.,  and  at  a 
depth  of  760  &thoms  38®  F.  In  1872  a  second  cruise  was  undertaken, 
in  which  I  had  the  pleasure  of  accompanying  Mr.  Smith.  On  this  occa- 
sion the  sea  was  crowded  with  ice,  and  the  ship  was  beset.  The  ice  had 
evidently  required  more  than  one  year  for  its  formation ;  its  sur&ce  was 
covered  with  opaque  snow,  and  was  generally  flat,  and  in  no  case  rose 
higher  than  the  gangway  of  the  Uttle  schooner. 

Owing  to  the  floes  presenting  a  comparatively  smooth  surface,  with  a 
total  absence  of  icebergs,  we  were  led  to  form  the  opinion  that  no  land 
can  exist  in  the  vicinity  immediately  north  of  Spitsbergen,  as  the  southerly 
drift  would  be  sure  to  bring  down  floating  bergs,  which  are  always  formed 
in  the  valleys  of  northern  land. 

On  this  occasion  observation  with  the  Miller-Casella  thermometer 
confirmed  the  result  of  the  previous  year,  vis.  gradual  increase  of  tempe- 
rature at  great  depth.  On  July  12th,  when  in  80®  17'  N.,  and  when  the 
vessel  was  fixed  in  the  ice,  the  temperature  gradually  increased  to  64®  F. 
at  a  depth  of  600  fathoms.  These  ^ts  indicate  the  southward  flow  of 
a  vast  body  of  warm  water.  It  cannot  be  said  that  the  heat  is  derived 
from  the  Gulf-stream,  because  nowhere  in  its  course,  even  in  such  lati- 
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tudes  as  50^  or  60^,  does  it  acquire  so  high  a  temperature,  even  at  the 
surface ;  and  it  is  highly  improbable  that  the  general  warmth  of  the  ocean 
along  the  west  coasts  of  North  Europe,  on  the  shores  of  Norway,  could 
possibly  be  supplied  by  the  limited  body  of  warm  water  vdiish.  learee  the 
Gulf  of  Florida.  If  the  whole  of  the  Gulf-stream  water  were  spread  over 
the  warm-water  area  in  the  north,  its  depth,  even  allowing  the  most 
liberal  estimate  for  its  volume,  would  not  exceed  10  &thom8 ;  whereas 
warm  water  of  42°  F.  occurs  to  the  depth  of  400  &thom8  in  iMa  re^oOf 
and  north  of  Spitzbergen  it  is  found  as  high  as  64°  E.  at  600  fathoms. 
If  it  be  said  that  this  temperature  is  due  to  the  northward  drifting 
of  the  Atlantic  from  warmer  localities,  we  are  met  by  two  difficnltiea, 
of  which  one  is,  that  the  soundings  obtained  by  Carpenter  and  others  gave 
temperatures  much  below  64°,  and  the  other  is,  that  the  waters  flow  sooth, 
not  north.  Volcanic  action,  or  a  warm  mineral  spring  rising  from  the 
ocean-bottom,  may  by  some  be  imagined  to  be  the  cause  of  the  tempera- 
ture of  64° ;  but  there  is  no  evidence  of  either  of  these  agencies,  and  it  is 
quite  reasonable  to  suppose  any  other  feasible  cause.  Passing  over  the 
discovery  of  64°  F.  at  this  depth,  we  still  have  to  account  for  the  water 
of  42°  F.  flowing  southwards,  as  evidenced  by  the  increase  of  its  tempera- 
ture as  we  proceeded  northwards. 

It  is  clear  that  this  question  of  temperature  requires  further  investiga- 
tion ;  and  it  is  also  clear  that  whatever  the  result  may  be,  it  will  materially 
affect  all  the  prevailing  theories  respecting  oceanic  currents.  It  is  not 
improbable  that  this  warm  water  flows  from  the  drcumpolar  region ;  and 
if  so,  it  would  indicate  a  circumpolar  sea. 

Many  facts  are  known  which  are  consistent  with  this  view.  Every  year 
the  edge  of  the  pack-ice,  and  the  ice-fields  themselves,  break  up  and  drift 
south,  at  a  rate  sometimes  equal  to  thirteen  miles  a  day,  as  found  by  Gapt. 
Parry.  This  does  not  occur  when  the  northern  ocean  is  wholly  covered 
with  ice,  in  the  winter  season.  The  drifting  of  the  ice  (as  also  currents) 
implies  a  sea  free  of  ice  somewhere  in  the  north,  occupying  an  area  at 
least  as  extensive  as  the  drift-ice.  As  has  been  seen,  some  of  the  ice  is 
the  result  of  more  than  one  year's  growth;  and  as  the  ice  travela 
southerly,  say,  from  four  to  thirteen  miles  or  more  per  diem,  a  similar 
area  of  open  sea  must  be  simultaneously  forming  round  the  pole,  the  ice- 
holes  and  clear  spaces  in  the  drift'-iee  being  quite  insufficient  to  make  up 
for  the  space  left  by  the  ice  during  the  summer.  The  great  abundance  c^ 
animal  life  in  the  waters  of  the  highest  latitudes  reached  indicates  iiiat  the 
water  is  not  ice-cold ;  and  the  migration  of  numerous  species  to  the  north 
of  80°  shows  that  the  means  of  subsistence  can  be  obtained.  There  is 
reason  to  believe  that  whales  occur  far  to  the  north  of  80° ;  and  if  so,  there 
must  necessarily  be  sufficient  open  water  to  aUow  of  their  finding  ready 
access  to  air. 

In  the  Spitzbergen  seas  a  blue,  cloud-like  appearance  is  well  known  as 
a  sign  of  open  water ;  and  this  has  been  seen  on  the  distant  north  horiion 
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eren  by  ships  which  have  been  beset  bjice  in  the  highest  latitudes.  Ice- 
bergs, it  is  well  known,  waste  more  rapidly  below  the  sur&u»  than  in  the 
sur,  causing  them  to  topple  over  frequently,  obviously  the  effect  of  the 
warm  current. 

The  question,  then,  is,  from  whence  do  the  warm  waters  come  ?  and 
how  do  they  acquire  their  heat  ?  And  this  is  one  of  the  questions  which 
a  polar  voyage  by  way  of  Spitzbergen  would  almost  certainly  elucidate. 
Another  important  subject  of  investigation  would  be  the  conditions  under 
which  tiie  prevalent  north  winds  of  high  latitudes  originate.  There  is 
one  argument  bearing  upon  the  temperature  of  the  circumpolar  seas  which 
should  not  be  overlooked.  During  six  months  of  the  year  the  sun  is  above 
the  horizon ;  and  although  the  rays  may  be  oblique,  still  the  waters  may 
acquire  a  higher  temperature  than  under  similar  conditions  further  south, 
owing  to  there  being  little  or  no  cooling  from  nocturnal  radiation,  and 
probably  to  the  constant  dryness  of  the  air  allowing  the  sun  to  strike 
with  fuU  power.    During  the  winter  these  causes  would  intensify  the  cold. 

The  occurrence  of  warm  water  is  by  no  means  confined  to  the  sea  around 
Spitzbergen ;  but,  before  referring  to  other  regions,  we  may  mention  that 
a  set  of  instruments  for  taking  soundings  and  deep-sea  temperatures  was 
supplied  this  year  by  Mr.  Smith  to  Capt.  David  Grey,  of  the  whaler '  Eclipse,' 
whose  &ther,  in  the  year  1855,  supplied  the  valuable  information  and 
survey  of  the  extension  of  Pond's  Bay,  now  called  Eclipse  Sound.  Hiw 
observations  were  made  in  the  middle  of  the  sea,  between  Greenland  and 
Norway,  and  along  a  line  running  north-easterly  from  Iceland.  They 
coincide  with  Dr.  Carpenter's  observations,  proving  the  termination  of  the 
Ghilf-stream.  In  June  1854  Morton  advanced  beyond  Kennedy  Channel, 
and  saw  open  water  as  far  as  the  horizon,  visible  from  a  hill  500  feet  high. 
The  wind  was  from  the  north-west,  and  a  rain-cloud  was  seen  in  the 
distance  above  the  open  sea.  The  water  was  setting  in  a  strong  current 
south,  and  the  ice  along  the  shores  was  in  a  rapid  state  of  dissolution. 
The  water  was  found  in  the  several  places  tried  to  be  well  above  the 
freezing-point ;  and  in  one  place,  some  distance  from  the  ice-foot,  and  at  a 
depth  of  5  feet,  the  temperature  was  40°  F.  There  was  a  strong  tide 
from  the  north.  Kane's  vessel  wintered  in  Benselaer  Harbour ;  the  strait 
was  bridged  across  by  ice,  with  a  current  running  south  flowing  beneath 
it.  Although  the  open  waters  above  alluded  to  may  not  be  direct  evidence 
of  a  comparatively  mild  circumpolar  region,  yet  the  stream  of  warm  water 
coming  &om  the  north  seems  to  indicate  it. 

Where  can  this  water  acquire  its  warmth  ?  Sir  John  Kichardson  sug- 
gests that  it  is  derived  from  the  warm  area  near  Spitzbergen ;  but  this  is 
not  supported  by  evidence,  which  indicates  that  in  both  areas  the  water 
comes  &om  the  north.  It  has  been  suggested  that  it  is  a  continuation  of 
the  Gulf-stream,  apparently  because  it  is  supposed  to  supply  all  the  warm 
water  in  the  Arctic  seas ;  but  Ht  there  is  no  reason  for  believing  that  the 
warm  sea  around  Spitzbergen  derives  its  heat  from  this  source,  it  is  still 
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less  credible  in  the  case  of  the  Kennedy-Strait  water.  It  has  been  sug- 
gested that  the  source  of  warmth  is  the  northward  flow  of  the  general  mass 
of  the  North  Atlantic.  If  this  did  account  for  the  warmth  of  tke  Spitat- 
bergen  area,  although  this  view  would  be  with  difficulty  reconciled  witii 
a  southward  flow  of  Arctic  water,  it  would  be  quite  inapplicable  to  the 
Kennedy-Channel  area. 

Temperatures  taken  by  Mr.  B.  Leigh  Smith  and  Capt.  Wells,  ILN. 
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2. 
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28 
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3. 

75  7N. 
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29* 

32* 

17. 

4. 
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6. 

76  3N. 
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35 

33 

30* 

40 
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•  •  • 

33 
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48 
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6. 

76  21 N. 
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35 

32 

30* 
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7. 
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33 
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•  •  • 

33 

30 

35 

150 

•  •• 
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8. 
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1. 
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31 
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64 
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Among  the  many  advantages  that  would  result  from  circumpolar 
research  and  the  following  up  of  this  warm  current,  not  the  least  im- 
portant would  be  the  insight  which  it  would  probably  afford  as  to  the 
regulating  influences  of  the  weather  of  North  Europe,  or  generally  of  the 
northern  hemisphere.  Meteorologists  have  long  suspected  that  the 
weather  in  Western  Europe  depends  in  some  way  upon  what  has  hap- 
pened in  the  vicinity  of  the  pole.  The  many  advantages  to  be  gained  to 
science  by  circumpolar  navigation  cannot  be  doubted.  Among  them 
would  be  careful  observations  of  the  currents  and  temperatures  of  the 
surface  and  at  various  dej/ths,  and  organisms  which  doubtless  would  be 
obtained  by  dredging,  as  far  as  practicable,  in  the  bed  of  the  Arctic  Sea,  in 
the  highest  latitude,  and  the  probable  extension  of  the  whale-flsheries,  as 
well  as  the  discovery  of  new  land,  should  such  exist. 

June  1. — The  edge  of  the  ice  was  170  miles  distant,  and  the  warm 
water  was  found  at  the  surface,  and  cold  water,  which  is  of  greater 
density,  below. 

June  13. — The  sounding  was  taken  at  the  edge  of  the  pack.  If  the 
experiments  had  been  continued,  increasing  temperature  would  pro- 
bably have  been  found  at  a  lower  depth,  as  was  the  case  further  north. 

June  15. — To-day  we  were  well  in  the  ice,  and  had  only  time  to  sound 
in  50  &thoms ;  but  even  here  we  found  an  increasing  temperature. 

June  17. — Being  far  in  the  ice,  we  only  found  a  slight  increase. 

June  18. — A  second  soundiug,  50  fathoms  deeper  than  yesterday,  when 
sailing  among  large  pieces  of  floe-ice,  gave  an  increasing  temperature  up 
to48°F. 

June  19. — To-day  we  had  an  increase  of  7^  above  the  surface-tempera- 
ture at  250  &thoms  deep,  although  but  10  miles  distant  from  yesterday's 
soundings ;  but  the  ice  was  more  open :  probably  evaporation  occurred 
here,  owing  to  the  surface  not  being  so  closely  covered  with  ice. 

June  20. — The  first  sounding  shows  the  water  to  be  coldest  at  the  ice- 
foot ;  the  second  and  third  prove  the  increasing  temperature,  which,  as 
we  were  somewhat  more  closely  packed  in  the  ice,  increased  more  quickly, 
and  39^  F.  is  obtained  at  150  £Athoms  deep. 

June  22. — Here  we  were  more  closely  packed.  The  surface  was  a  degree 
colder  than  yesterday,  and  the  water  at  the  ice-foot  had  also  gone  down 
half  a  degree ;  but  the  warm  stream  below  was  the  same.  If  we  had  had 
time  to  sound  at  greater  depths,  the  temperature  of  the  water  would  in 
all  probability  have  been  found  stUl  on  the  increase. 

June  27. — In  this  case  we  have  the  warm  current  clearly  defined  at  250 
&thoms  depth,  being  kept  below  by  the  lighter  ice-water,  which  is  nearly 
fresh  and  of  less  specific  gravity. 

July  1. — We  were  clear  of  the  ice,  and  had  a  lower  temperature  than 
before  obtainbd.  If  the  flow  of  warm  water  came  from  the  south,  the 
sur&oe-temperature  would  have  been  greater  than  any  temperature  as 
yet  obtained,  because  of  the  absence  of  ice. 
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July  6. — This  observation  shows  a  gradaal  increase  as  &r  down  as 
200  fathoms.  We  were  well  in  the  ice,  and  were  prevented  £nHn  con- 
tinuing our  sounding-operations.  Little  evaporation  has  taken  place, 
owing  to  the  closeness  of  the  •  ice  and  the  gradual  increase  of  the  tem- 
perature, with  one  exception,  which  occurred  on  the  18th  of  June,  when 
a  temperature  of  48^  was  obtained, — showing  that  the  temperatures  are 
materially  afEected  by  local  causes,  the  closeness  of  the  pack  or  the  opening 
of  the  ice  allowing  evaporation  to  take  place. 

July  7. — Here,  where  the  ice  is  close,  there  is  a  great  difference  be- 
tween the  surface  temperature  and  that  at  the  ice-foot.  We  pulled  np  a 
very  beautiful  description  of  starfish,  which  would  not  be  likely  to  inhabit 
this  warm  current  were  it  of  volcanic  origin. 

July  10. — The  crew  being  required  elsewhere,  we  could  not  conlmue 
our  sounding-experiments.  The  sounding  shows  a  decrease  of  tempera- 
ture, owing  to  the  ice-water. 

July  12. — This  remarkable  sounding  was  carefully  registered  specially 
by  Mr.  Smith,  who  saw  the  index  before  it  was  immersed  and  immediately 
on  its  coming  up.  This  shows  a  gradual  increase  of  temperature  towards 
the  north,  proving  the  current  to  come  from  the  north ;  and  its  tempera- 
ture being  above  that  of  the  Gulf-stream,  where  it  disperses  itself,  is  a 
proof  it  is  in  no  way  connected  with  it. 

The  thermometer  has  since  been  examined  by  Mr.  L.  P.  Casella,  who 
certifies  that  it  "  has  been  tested  in  the  hydraulic  press,  as  well  as  care- 
fully compared  with  my  standard,  and  found  correct  in  every  way,  no 
change  whatever  having  taken  place  in  the  instrument." 
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Temperatures  taken  by  Capt.  David  Grey,  of  the  *  Eclipse*  Whaler. 
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30 
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30 
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* 

3. 

23. 
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34 
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34 

April  13, 16,  20. — When  these  three  soundings  were  taken  the  ship 
was  frozen  in  the  pack ;  still  there  is  a  slight  increiuse  of  temperature  at 
the  lowest  depth. 

May  14. — Off  Bear  Island. 

Junt  6,  8. — Here  'Eclipse*  was  75  miles  inside  the  pack. 

Junt  18,  23,  JvHy  3. — Made  fast  to  a  large  floe,  about  90  miles  inside 
the  pack. 


The  Society  then  adjourned  over  the  Christmas  Becess  to  Thursday, 
January  9, 1873. 
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January  9,  1873. 

WILUAM  SHARPEY,  M.D.,  Vice-President,  in  the  Chair. 

T&0  following  conuuimicationB  were  read  : — 
I.  "On   a   new  Method  of  viewing  the  Chromosphere."     By  J. 
N.  LocKYEa,  F.R.S.,  and  G.  M.  Seibboke.     Received  No   ■ 
vember  6,  1872. 

The  obserrations  made  by  shtless  spectroscopes  during  the  eclipse  of 
Dec.  11,  1871,  led  oae  of  us  early  this  year  to  the  concluBion  that  the 
most  convenient  and  labour-saving  contrivance  for  the  daily  obaervation 
of  the  chromoaphere  would  be  to  photograph  d^ly  the  image  of  a  ring- 
slit,  which  should  be  coincident  with  an  image  of  the  chromosphere  itself. 

The  same  idea  has  since  occurred  to  the  other. 

We  therefore  beg  leave  to  send  in  a  joint  communication  to  the  Boyal 
Society  on  the  subject,  showing  the  manner  in  which  this  kind  of  obaeirs- 
tion  can  he  carried  out,  remarHng  that,  although  the  method  still  requires 
some  instrumental  details,  which  will  maie  its  working  more  perfect, 
images  of  the  chromosphere,  almost  in  its  entirety,  have  already  been  seen  on 
several  days  during  the  present  month  and  the  ]att«r  part  of  last  mouth. 

The  adaptation  of  this  method  to  a  teleapectroscopa  will  be  seen  at  a 
glance  from  the  accompanying  drawing. 


A,  Sliding  Byo-tabo  of  teleaoope.  B.  Tube  lore wing  into  eje- tube.  C.  Tub«  sliding 
iooide  B,  uid  canrying  lens  D  and  diapbngm  E.  F.  Leniea  bringing  image  of 
diaphragm  to  k  fbons  at  ths  plaoe  ganerallj  oooupied  by  tliB  glit  of  the  ipectrofoope 
O.  ColUmator  of  speotroioope. 

The  image  of  the  snn  is  brought  to  focus  on  adiaphragm  having  a  circular 
disk  of  brass  (inthecentre)of  the  same  size  as  the  sun's  image,  so  that  the 
sun's  light  is  obstructed  and  the  chromoapheric  light  is  allowed  to  pass. 
TOL.  xii.  » 
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The  chromosphere  is  aftonvnrde  brought  to  a  focus  again  at  the  positdon 
usually  occupied  by  the  itlit  of  the  spectroscope;  and  in  the  ^epiece  ii 
seen  the  chromosphere  in  circles  corr<?n ponding  to  the  "  C  "  or  other  lines. 
The  lens  D  is  used  to  ri'dnce  the  size  of  the  sun's  image,  aud  keep  it  of 
the  same  sizH  as  the  diaphragm  at  different  times  of  the  year ;  uid  the 
lenses  F  are  u,si.>d  in  ordi^r  fo  reduce  the  size  of  the  annulua  tA  li^t  to 
nl>out  I  inch,  so  that  the  pencils  of  light  from  either  side  of  the  annulus 
may  not  Ik'  too  divergent  to  pass  through  the  prisms  at  the  same  taini', 
aud  that  the  image  of  the  whole  ouimlus  may  be  seen  st  once.  There  are 
mechanical  dilRculties  in  producing  a  perfect  annulus  of  the  required 
size,  so  one  \  inch  in  diameter  is  used,  and  can  be  reduced  virtually  to 
any  size  at  pleasure. 

The  proposed  photographic  arrangements  are  as  follows : — 

A  large  titeinheil  spectrosco))e  is  used,  its  usual  slit  being  replaced  by 
the  ring  one. 

A  solar  beam  is  thrown  along  the  axis  of  the  collimator  by  a  helioatat, 
and  the  sun's  image  is  brought  to  focus  on  the  ring-elit  by  a  3J-inch 
object-glass,  the  solar  image  being  mode  to  fit  the  slit  by  a  suitt^le  lens. 

By  this  method  the  image  of  the  chromosphere  received  on  the  photo- 
graphic plate  can  be  obtained  of  a  convenient  size,  as  a  telescope  of  any 
dimensions  may  be  used  for  focusing  the  parallel  beam  which  passes 
through  the  prisms  on  to  the  plate. 

The  sijie  of  the  image  of  the  chromoKphore  obttuned  by  the  method 
adopt«^  will  bo  seen  from  the  accompanving  photograph,  taken  when  the 
ring-^lit  was  illiuninated  nith  the  vapours  of  copper  and  cadmium. 

As  this  photograph  is  not  reproduced,  it  may  be  stated  that  the  ring- 
images  have  an  internal  diameter  of  nearly  J  of  an  inch. 

DiK^mber  0,  1872,  at  lI.yo.  December  7,  IP"!  at  \l.aO, 
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The  aocompanying  solar  profiles  are  copies  of  drawingn  made,  on  the 
dates  stated,  bj  means  of  the  new  method,  which  were  exhibited  by  the 
authors  at  the  Meeting. 

[Since  reading  the  above  paper,  it  has  come  to  our  knowledge  that 
Zollner  had  conceived  the  same  idea  unknown  to  us,  but  had  rejected  it. 
Prof.  Wenlock  in  America  has  tried  a  similar  arrangement,  but  without 
success. — J.N.L.,  G.  M. S.,  January  17,  1873.] 


II.  ''Further  Remarks  on  the  Sense  of  Sight  in  Birds.''  By  Robert 
James  Lee^  M.A.^  M.D.  Communicated  by  Robert  Lee, 
M.D.,  P.R.S.     Received  October  14,  1872. 

It  was  the  object  of  my  last  communication  to  show  the  necessity  for 
more  extensive  researches  into  the  differences  of  certain  structures  in  the 
eyes  of  birds  in  order  to  arrive  at  satisfactory  conclusions  regarding  their 
functions,  which  are  still  undecided  by  anatomists.  It  also  appeared  to 
me  to  be  desirable  and  interesting  to  examine  the  different  degrees  of 
development  which  characterize  those  structures  in  different  species  of 
birds,  as  they  seemed  to  afford  an  explanation  of  the  remarkable  powers 
of  vision  which  most  birds  possess. 

It  would  be  premature  to  enter  upon  general  deductions  until  the  data 
we  possess  are  more  numerous  and  the  anatomical  details  are  generally 
allowed  to  be  correct. 

Since  my  last  commimication  it  has  been  my  privilege  to  receive  much 
assistance  and  valuable  information  from  Mr.  Hulke,  who  has  directed 
considerable  attention  to  the  structiue  of  the  ciliary  muscle  in  birds. 

It  appears  to  me  impossible  to  reconcile  the  various  opinions  which 
BrUcke,  Cramer,  Bonders,  and  particularly  Heinrich  Miiller  entertain  on 
anatomical  details,  except  on  the  supposition  that  the  exact  species  of 
hiid  has  not  been  considered  of  sufficient  importance  to  the  question,  also 
'tittit  the  particular  method  of  dissection  or  preparation  may  have  been 
.4e  eMue  of  a  dijEEerent  appearance  in  the  minute  structures.  In  my  own 
I  have  often. found  that  singular  differences  are  produced  by 
meAod  of  preparation ;  and  it  has  usually  been  necessary,  where  there 
fDj  doubt,  from  the  eye  having  been  preserved  for  some  time,  to 
Hjlipl^till  a  freeh  specimen  could  be  obtained. 
;Sb  order  to  show  the  different  degrees  of  development  of  the  ciliary 
a  short  Table  has  been  drawn  up,  containing  those  specimens 
'IwTB  been  examined  with  most  attention.  For  the  present  I  shall 
the  ciliary  muscle  as  a  simple  structure  for  the  production  of 
aSeety  whatever  minute  differences  may  exist  in  the  internal  arrange- 
ynnit  of  ite  fibres. 

The  second  Table  may  be  regarded  as  a  continuation  of  that  com- 
menced in  my  last  communication,  and  is  intended  to  furnish  certain  data 
which  are  necessary  for  the  determination  .of  the  visual  powers  in  various 
species  of  birds. 


Dr.  B.  J.  Lee  on  the  Setue  of  Sight  in  Bird*.      [Jan.  9, 

Axil  of       CilUry 

Tukm.        Hiude. 

Vieillot's  PheosaDt . .  6 

"\\'ood  i'raiicoliii . ,  . .  4'6   . 

Cauada  Goose 5 

llawk-headed  Parrot   4 
Spotted  Dove 7 


Eagle  Owl 

ViUture   - 
Buzzard  . 

Flamingo. . 

Penguin   .. 

Antfean  Got 

1.  =  UferftI;  v.  =  Tertioal;  «.p 
lign  +  donotei  that  actual 
—  tli£t  il  is  Itia  llian  tlie  me 


Partridge 


]  of  the  two  nnmben, 


Coma.. 

Sdorotic. 

Lens. 

M-. 

Postelsstic 
llgn,nL 

Andean  Goose   .  . 

1-  a 

1-  H 

1 10+11 

i 

A 

^p.ft 

»p-4 

1 

Tieillot's  Pheasant  j 

M 

1-  a 

..p.  A 

,  10-11 

"p-ft 

ft 

ft    1 

Wood  Francolin 

1-     A 

1-  A 
.•p.  A 

■•  ft 

•pH 

ft 

ft 

Canada  Goose    . . 

1-  n 

.p-M 

1-  u 
•  p-ft- 

i 

i 

Hawk-headed  Par- 1 
rot \ 

A 

•■P-M 

1-  i 

•  p-H 

ft 

ft 

Chatterton'sFtaa- 
coliii   

ft 

Spotted  Dove....  J 

A 

1-  K 
•  p-A 

1.  A 
•  pA 

A 

A 

Gronse   

A 

1-  tt 

«.p-H 

I-  ft 
•  pft 

A 

ft 

„..-...                f 

A 

1-  A 

1-   A 

A 

ft 

1873.]     On  the  Union  of  Ammonia  Nitrate  with  Ammonia.        109 

III.  '^  On  the  Union  of  Ammonia  Nitrate  with  Ammonia.''  By 
Edward  Divers,  M.D.  Communicated  by  Professor  Odlino, 
M.B.,  P.R.S.     Received  October  29,  1872. 

(Abstract.) 

Ammonia  nitrate  deliquesces  in  ammonia  gas  at  ordinary  temperatures 
and  pressures,  forming  a  solution  of  the  salt  in  hqueficd  ammonia.  To 
prepare  the  product,  it  is  only  requisite  to  pass  dry  ammonia  gas  into  a 
flask  containing  the  dry  nitrate;  but  the  condensation  proceeds  more 
rapidly  if  the  flask  is  surrounded  with  ice. 

The  hquid  obtained  varies  in  composition  according  to  the  temperature 
and  pressure.  At  a  temperature  of  23°  and  the  pressure  of  the  atmo- 
sphere, it  consists  of  about  four  parts  of  nitrate  to  one  of  ammonia  by 
weight ;  but  under  greater  pressure,  or  at  lower  temperatures,  much  more 
ammonia  can  be  condensed  by  the  nitrate.  At  0°  and  the  pressure  of 
the  atmosphere,  two  parts  of  nitrate  can  condense  one  part  of  ammonia. 
Like  an  aqueous  solution,  the  Hquid  boils  when  heated,  and,  when 
nearly  saturated  with  the  nitrate,  deposits  crystals  of  it  when  cooled.  It 
can  also,  like  an  aqueous  solution,  be  heated  above  its  boiling-point 
without  boiling,  and  become  supersaturated  with  the  salt  without  crys- 
tallizing. When  poured  out  into  an  open  vessel,  it  becomes  almost 
instantly  gelatinous  in  appearance — may,  indeed,  become  so  as  it  falls  in 
a  stream  from  the  flask  containing  it.  This  effect  is  due  to  evaporation 
of  ammonia  and  soHdification  of  nitrate  at  the  surface  of  the  liquid :  on 
breaking  the  crust  of  nitrate,  the  compound  flows  out  as  liquid  as  ever. 
It  is  not  caustic  to  the  dry  skin.  During  it«  decomposition  cold  is 
manifested,  and  during  its  foiTnation  heat  is  evolved,  but  not  to  a  great 
extent,  because  the  heat  given  out  by  the  Uquefaction  of  the  ammonia  is 
nearly  all  used  up  in  the  Uquefaction  of  the  nitrate. 

The  specific  gravity  of  the  Hquid  varies,  of  course,  with  its  composition. 
When  it  consists  of  two  of  nitrate  to  one  of  ammonia,  it  has  a  specific 
gravity  of  1072*5 ;  when  it  consists  of  four  of  nitrate  to  one  of  ammonia, 
it  has  a  specific  gravity  of  nearly  1200.  Its  specific  gravity  can 
be  calculated  from  its  composition,  by  taking  for  the  purpose  1624-5  as 
the  specific  gravity  of  the  nitrate,  and  671  as  that  of  the  ammonia.  The 
number  1524*5  is  much  less  than  that  expressing  the  actual  density  of 
the  nitrate  in  the  soHd  state,  but  it  does  not  differ  very  much  fi  oin  its 
apparent  specific  gravity  in  aqueous  solution. 

In  its  rate  of  expansion  by  heat,  the  liquid  resembles  others  that  exist 
as  such  at  ordinary  temperatures,  rather  than  those  that,  like  ammonia 
itself,  are  only  retained  as  such  by  great  pressure.  Its  expansivity 
increases  with  the  quantity  of  ammonia  present. 

The  volume  of  a  mixture  of  the  liquid  with  water  is  much  less  than  the 
sum  of  the  volumes  of  the  liquid  and  the  water,  and  yet  a  marked 
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absorptiou  of  heat  occurs  duriug  the  admixture.  The  same  thing  happens 
when  a  concentrated  aqueous  solution  of  the  nitrate  is  poured  into  water, 
as  was  first  pointed  out  by  Gaj-Lussac.  Other  examples  of  this 
remarkable  phenomenon  have  been  observed  by  different  chemists,  and 
have  received  various  explanations.  F.  Mohr  considers  that  heat  is  used 
up  in  the  depression  of  the  freezing-point  of  the  water  which  the  salt 
produces.  As  this  depression  of  the  freezing-point  is  probably  attended 
by  an  increase  in  the  latent  heat  of  the  water,  his  explanaticm  appears  to 
be  the  correct  one.  Thomsen  finds  the  specific  heat  of  the  mixture  to 
be  less  than  the  mean  of  the  specific  heats  of  its  components. 

Its  action  upon  a  great  number  of  substances,  principally  in- 
organic, has  been  tried,  and  found  to  be  for  the  most  part  like  the 
actions  of  dry  ammonia  and  ammonia  nitrate  conjoined.  The  nitrate 
appears  to  undergo  double  decomposition  with  most  salts,  and  the 
ammonia  to  unite  with  nearly  all,  including  the  salt  of  magnesium, 
aluminium,  iron,  and  manganese.  The  ammoniated  chromium  salts 
possess  considerable  stability.  The  ammoniated  mercuric  iodide  is  re- 
solved by  washing  into  ammonia  and  mercuric  iodide  again.  The  am- 
moniated compounds  which  do  not  dissolve  in  the  liquid  are  very  bulky, 
as  obser^'ed  by  Gore  in  his  experiments  upon  ammonia  liquefied  by 
pressure.  Nitrates,  chlorides,  iodides,  and  bromides  are  either  soluble,  as 
Gore  has  found  them  to  be,  in  ammonia  alone,  or  else  are  decomposed 
into  soluble  chlorides  <&^.  of  ammonium,  and  insoluble  ammoniated 
compounds  of  the  mi^tals.  Sulphates,  oxalates,  chromates,  and  arsenites 
are  insoluble,  and  phosphates  are  nearly  so.  Phosphoric  and  chromic 
anhydrides  do  not  act  upon  the  liquid  with  the  energy  that  might  be 
ex])octed,  but  combine  with  the  ammonia.  Iodine  dissolves  freely,  as  it 
,ojs  in  ammonia  alone  (Gore).  Bromine  generates  nitrogen.  Lead 
^alts,  including  sulphate,  chloride,  iodide,  and  oxide,  are  freely  soluble  as 
ammoniated  compounds.  Platinous  chloride  dissolves  freely  as  tetra* 
ammonio-platinous  chloride.  Potassium  salts  are  very  sparingly  soluble. 
Alkalis  and  their  carbonates  decompose  the  nitrate ;  so  do  litharge,  lime, 
and  barvta.  Calomel  is  converted  into  metallic  mercury  and  a  soluble 
ammoniated  mercuric  compound.  Potassium,  sodium,  zinc,  and  cadmium 
dissolve  without  liberating  gas,  by  reducing  the  nitrate  to  nitrite, 
potassium  inflaming.  Magnesium  slowly  dissolves,  liberating  a  little  hy- 
drogen, reducing  the  nitrate,  and  becoming  partly  converted  into  Beets's 
black  suboxide  of  magnesium.  Methyl  iodide  is  decomposed;  butyric- 
ether  and  chloroform  are  sparingly  soluble  without  decomposition.  Ether 
is  insoluble,  but  by  its  contact  causes  the  liquid  to  break  up  into  its  two. 
constituents. 

It  is  a  good  electrolyte,  ammonia  and  hydrogen  appearing  at  the 
negative  electrode,  and  nitrogen  and  ammonia  nitrate  at  the  positiTe  ' 
electrode.     Its  dec^om  posit  ion  may  \)e  thus  represented : — 
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N  and  3X03HNH3(=3NO,-h4NH3). 

Positive  electrodes  of  silver,  lead,  copper,  ziiic,  and  magnesium  are 
dissolved  by  the  liquid  as  (ammouiated)  nitrates.  A  positive  electrode  of 
mercury  is  converted  into  a  compound  almost  insoluble  in  the  liquid. 
"When  the  electrode  is  acted  upon,  the  generation  of  nitrogen  does  not 
take  place. 

January  IG,  1873. 
T.  ARCHER  HIRST,  Ph.D.,  Vice-President,  in  the  Chair. 

Pursuant  to  notice  given  at  the  last  Meeting,  Mr.  Spottiswoode  pro- 
posed and  Admiral  Richards  seconded  the  Right  Hon.  Hugh  Culling 
Eardlej  Childers,  Chancellor  of  the  Duchy  of  Lancaster,  for  election  and 
immediate  ballot. 

The  ballot  having  been  taken,  Mr.  Childers  was  declared  duly  elected. 

The  following  communications  were  read : — 

I.  "  A  new  Formula  for  a  Microscope  Object-glass.''  By  F.  H. 
Wenham.  Communicated  by  W.  B.  Carpenter,  M.D., 
F.R.S.     Received  October  31,  1872. 

A  pencil  of  rays  exceeding  an  angle  of  40°  from  a  luminous  point  can- 
not be  secured  with  less  than  three  superposed  lenses  of  increasing  focus 
and  diameter,  by  the  use  of  which  combination  rays  beyond  this  angle  are 
transmitted,  with  successive  refractions  in  their  course,  towards  the  posterior 
conjugate  focus  :  until  quite  recently,  each  of  these  separate  lenses  has  been 
partly  achromatized  by  its  own  concave  lens  of  flint  glass,  the  surfaces  in 
contact  with  the  crown  glass  being  of  the  same  radius,  united  >^ith  Canada 
balsam ;  the  front  lens  has  been  made  a  triple,  the  middle  a  double,  and 
the  back  again  a  triple  achromatic.  This  combination  therefore  consists 
of  eight  lenses,  and  the  rays  in  their  passage  are  subject  to  errors  arising 
from  sixteen  suri^ces  of  glass. 

In  the  new  form  there  are  but  ten  surfaces,  and  only  one  concave  lens 
of  dense  ^tW  is  employed  for  correcting /owr  convex  lenses  of  crown  glass : 
as  this  might  at  first  sight  be  considered  inconsistent  with  theory,  a  brief 
retrospect  of  the  early  improvements  of  the  microscope  object-glass 
will  help  to  define  the  conditions.  The  knowledge  of  it«  construction 
has  been  entirely  in  the  hands  of  working  opticians  ;  and  the  information 
published  on  the  subject  being  scanty,  this  has  probably  prevented  the 
scientific  analyst  from  giving  that  aid  which  might  have  been  expected. 

Previous  to  the  year  1829  a  few  microscopic  object-glasses  were  made, 
composed  of  three  superposed  achromatic  lenses ;  but  this  combination 
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appears  to  have  been  used  merely  with  the  intention  of  gaining  an 
increase  of  power,  in  ignorance  of  anjr  principle,  and  without  even  a 
knowledge  of  the  value  of  angular  aperture. 

At  this  time  the  late  J.J.  Lister  tried  a  number  of  experimentB,  and 
discovered  the  law  of  the  aplanatic  focus,  and  proved  that,  by  sepanttiiig 
lenses  suitablv  corrected,  there  were  one  orti^'O  positiona  in  which  the 
spherical  aberration  was  balanced.  This  was  explained  in  a  paper  read 
before  the  Boyal  Society  in  1829.  In  the  year  1831  Mr.  Boss  was  em- 
ployed to  construct  the  first  achromatic  object-glass  in  acoordaace  witli 
this  principle,  which  performed  with  *'  a  degree  of  sucoees  never  antici- 
pated." 

Mr.  Boss  then  discovered  that,  after  he  had  adjusted  the  intenral  of  his 
lenses  for  the  aplanatic  focus,  that  position  would  no  longer  be  correct  if 
a  plate  of  thin  glass  was  placed  above  the  object ;  this  focus  had  tiien  to 
be  sought  in  a  different  plane,  and  the  lenses  brought  closer  togetherv  in 
order  to  neutralize  the  negative  aberration  caused  by  covering-glass  of 
various  thickness.  From  this  period  the  ^*  adjustment  **  with  wbidi  all 
our  best  object-glasses  are  now  provided  became  established.  Eig.  1  is 
the  form  of  object-glass  used  at  this  time,  consisting  of  three  plano- 
concave achromatics,  whose  foci  were  nearly  in  the  proportion  of  1|  2, 8. 

Xo  greater  angle  than  60°  could  be  obtained  with  this  system  in  a 
J-inch  objective  (the  highest  power  then  made),  for  reasons  apparent  in 
the  diagram.  The  excessive  depth  of  curvature  of  the  contact-suifaces 
of  the  front  pair  is  unfavourable  for  the  passage  of  the  marginal  rays ; 
the  softness  of  the  flint  glass  forming  the  first  plane  was  also  objection- 
able. In  the  year  1837  Mr.  Lister  gave  Mr.  Eoss  a  diagram  for  an  im- 
proved *'  eighth,"  ha>'ing  a  triple  front  lens  in  the  form  shown  in  fig.  2. 
By  this  the  passage  of  extreme  rays  Ti'as  facilitated ;  and  in  order  to 
diminish  the  depth  of  curvature,  a  very  dense  glass  was  used,  having  a 
sp?ciiic  gravity  of  4' .351.  Faraday's  glass,  having  a  density  of  6'4,  had 
been  previously  tried,  but  was  abandoned  on  account  of  a  difficulty  in 
working  it.  The  polished  surfaces  of  both  these  qualities  of  dense  g^an 
speedily  became  tarnished  by  exposure  to  the  air ;  and  thus,  the  dense 
flint  concave  could  only  be  employed  in  a  triple  combination,  that  is, 
when  cemented  between  two  lenses  of  cro\iii  glass  :  this  form  of  front 
was  kept  a  trade  secret,  and  was  not  published  in  any  work  treating  of 
the  optics  of  the  microscope.  The  front  incident  surface  of  the  flint  of 
the  middle  pair  was  made  concave,  in  order  to  reduce  the  depth  of  the 
contact ;  and  for  this  reason  only,  as  that  surface  has  but  little  influence 
in  correcting  the  oblique  pencils,  or  in  producing  flatness  of  field,  and 
may  be  a  plane  with  an  equally  good  or  better  result.  "  Eighths  "  of  this 
form  with  angles  of  80°  were  made,  and  remained  unaltered  till  the  year 
1860,  when  larger  apertures  were  called  for,  and  Mr.  Lister  introduced 
the  triple  hack  lens. 

The  necessity  for  this  will  be  seen  by  the  diagram  (fig.  2),  which  shows 
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rendered  its  use  iii  a  pair  objectionable.  The  highest  density  at  this  time 
known,  quite  free  from  this  defect,  was  3-086.  By  means  of  the  triple 
back,  the  final  corrections  were  rendered  less  abrupt,  a  greater  portion  of 
the  marginal  rays  could  be  collected,  and  the  aperture  of  an  "  eighth " 
was  at  once  brought  up  to  130°  or  more. 

At  this  time  the  author  had  been  making  some  experiments  in  the 
construction  of  an  object-glass  in  the  form  of  fig.  2.  Mr.  Lister  having 
favoured  his  '*  eighth"  with  an  examination,  vma  good  enough  to  com- 
municate his  late  improvement  of  the  triple  back.  Xo  time  was  lost  in 
giving  this  a  trial,  the  result  of  which  proved  that  excessive  negative 
aberration  or  over-correction  could  readily  be  commanded  with  lenses  of 
shaUow  contact-curves.  During  these  trials  all  chromatic  correction  was 
obtained  by  alterations  in  the  triple  Ixick;  for  it  was  found  that  the 
colour-correction  could  not  be  controlled  by  a  change  in  the  concave 
surface  of  the  triple  fronts  as  the  negative  power  of  the  flint  here  ap- 
peared to  be  feeble,  requiring  a  great  difference  in  radius  to  give  a  trifling 
result.  For  this  reason  the  front  concaves  were  formed  of  very  dense 
and  highly  dispersive  flint ;  the  cause  of  this  was  analyzed  by  a  large 
diagram,  with  the  passage  of  the  rays  projected  through  the  combination, 
stiirting  from  the  longest  conjugate  focus  at  the  back.  This  proved  that 
the  rays  from  that  focus  passed  through  the  concave  flint  of  the  front 
nearly  as  a  radius  from  its  centre,  or  in  such  a  direction  that  its  negative 
influence  was  almost  neutralizA^.  It  is  well  knov^Ti  that  a  lens  may  be 
achromatic  for  parallel  rays,  and  under-corrected  for  divergent  ones. 
The  utmost  extent  of  this  condition  was  apparent  in  the  object-glass 
under  consideration. 

This  led  the  author  to  the  idea  of  the  siuf/le  front  lens  of  crown  glass, 
which  gave  a  tine  result  at  the  first  attempt,  as  the  back  combinations  to 
which  it  was  applied  happened  to  have  a  suitable  excess  of  negative  or 
over-correction  existing  in  the  triple  back  alone,  the  middle  being  neutral 
or  nearly  achromatic.  Still  there  was  a  defect  remaining  as  positive 
spherical  aberration ;  and  this  was  afterwards  cured  by  giving  additional 
thickness  to  the  front  lens,  which  is  now  recognized  as  a  most  essential 
element  of  correction.  In  a  "  fifteenth,"  for  instance,  a  difference  of 
thickness  of  only  '002  of  an  inch  will  determine  the  quality  between  a 
good  and  an  indifferent  glass.  Fig.  3  represents  a  front  lens  suitable  for 
bringing  the  back  rays  to  a  focus.  The  dotted  lines  indicate  the  effect 
of  this  difference,  showing  that  with  a  lens  of  less  thickness  the  margiua] 
rays  fall  within  the  central,  producing  positive  aberration  as  the  result. 

The  single  front  introduced  by  the  author  is  now  used  by  every  maker ; 
for  several  years  he  could  not  induce  the  leading  opticians  to  change 
their  system,  though  challenged  by  a  series  of  high  powers  constructed 
on  this  fonnula,  for  the  purpose  of  proving  its  superiority.  Eig.  4  le- 
^  presents  the  curves  of  the  first  successful  "  eighth  "  on  this  system,  having 
ah  aperture  of  130°,  enlarged  ten  times.     On  tracing  the  passage  of 
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the  marginal  rays  through  the  combination,  it  will  be  seen  that,  though 
the  successive  refractions  are  nearly  equalized,  the  contact-surfaces  of  the 
middle  pair  are  sopiewhat  deep,  though  no  over-correction  existed  or 
was  needed  here,  for  this  would  have  required  a  shorter  radius  still  (the 
density  of  t^e  flint  in  this  was  3*686).  If  this  pair  of  lenses  were  not 
cemented  with  Oanada  balsam,  total  reflection  would  take  place  near  the 
circumference  of  the  contact  flint  surface,  cutting  off  the  marginal  rays 
at  a,  and  limiting  the  aperture.  It  might  be  argued  that  practically  this 
would  be  no  disadvantage,  as  these  surfaces  are  united  with  Canada 
balsam,  whose  refraction  is  higher  than  the  crown ;  so  that  the  rays  in  this 
case  must  proceed  with  very  little  deviation.  But  incidences  beyond  the 
angle  of  total  reflection  may  be  considered  detrimental,  as  they  imply 
excessive  depth  of  cur\'ature ;  this  can  be  discovered  by  looking  through 
the  front  of  an  object-glass  held  close  to  the  eye,  any  air-films  in  the 
balsam  near  the  edge  of  the  lens  appearing  as  opaque  black  spots. 

At  the  commencement  of  the  present  year  the  author  caused  a  few 
object-glasses  to  be  made,  with  a  middle  of  the  form  of  ^g.  5,  the  per- 
formance of  which  was  very  satisfactory.  In  this  the  extreme  rays  pass 
at  more  favourable  incidences,  and  within  the  angle  of  total  reflection. 
The  upper  lens  is  of  dense  fluit. 

When  the  experiments  on  the  single  front  were  concluded,  and  the  re- 
markable corrective  power  of  the  triple  back  in  conjunction  therewith 
had  been  proved,  the  next  attempt  was  to  make  the  middle  also  a  single 
lens,  leaving  the  entire  colour-correction  to  be  performed  by  the  one  bi- 
concave flint  in  the  back.  After  numerous  trials  it  was  found  that  though 
something  like  over-correction  or  negative  aberration  could  be  obtained 
with  the  back,  in  the  degree  requisite  for  balancing  the  under-correction 
of  the  single  middle  and  front  when  set  at  the  prescribed  distance  of  the 
aplanatic  focus,  yet  by  trial  on  the  mercury  globule  all  the  results  in- 
variably displayed  two  separated  colour-rings :  these  could  not  be  com- 
bined by  any  alteration  in  the  radius  of  the  lenses.  By  projecting  the 
blue  and  red,  or  visible  rays  of  greatest  and  least  refrangibility  through 
the  system,  the  cause  became  apparent.  The  left-hand  section  of  this 
object-glass  is  shown  in  fig.  6.  The  rays  from  the  focus  are  slightly 
divided  by  the  first  front  surface.  On  emerging  from  the  back  the  sepa- 
ration is  increased ;  the  red  ray  (r)  is  outwards,  and  the  more  refran- 
gible or  blue  ray  {h)  inwards.  Next,  the  divergence  of  these  two  rays  is 
extended  by  the  middle  single  lens.  The  following  crown  lens  extends 
the  angle  of  divergence  so  far  that  the  flint  lens  of  the  back  triple  cannot 
reeombine  them ;  and  they  emerge  at  two  distinct  zones,  shown  by  the 
practical  test  of  the  "artificial  star"  or  light-spot  reflected  from  a 
mercury  globule,  viewed  within  and  without  the  focus. 

It  might  be  supposed  that  these  rays  at  their  final  emergence  can  be 
so  refracted  as  to  project  the  blue  outwards.  A  crossing  point  would 
then  occur  at  a  fixed  conjugate  focus  in  the  body  of  the  microscope,  at 
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which  all  rays  would  be  combined ;  and  if  this  focus  was  adjnated  to 
tliat  of  the  eyepiece,  achromatism  and  final  coirectioii  would  be  tjie 


resolt.     But  to  meet  the  various   conditions  occurring  in  the  um  <f 
the  microscope,  the  conjugate  focus  constantly  alters  in  position,  this 
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being  affected  by  every  chauge  of  eyepiece,  length  of  tube,  or  adjustment 
for  thickness  of  cover;  therefore  a  correction  for  a  fixed  point  cannot  be 
maintained.  Achromatism  in  the  microscopic  object-glass,  like  that  of 
other  perfectly  corrected  optical  combinations,  must  be  the  reunion  of 
the  rays  of  the  spectrum  close  to  the  final  emergent  surface  of  the 
system.  The  remedy  suggested  by  these  experiments  appeared  to  be  in 
a  transposition,  that  is,  in  placing  the  over-corrected  triple  in  the  middle 
of  the  entire  object-glass ;  this  would  at  once  cause  a  convergence  of  the 
bine  and  red  rays.  A  single  lens  of  longer  focus  at  the  back  would  then 
bring  these  rays  parallel  at  the  point  of  final  emergence. 

By  projection  in  a  diagram  this  condition  \vas  apparently  realised.  The 
dispersiye  power  of  the  flint  (density  3*G86)  was  taken  by  the  refractive 
index  1-76  of  line  H  in  the  blue  ray  of  the  spectnim,  and  1*70  of  line  B 
in  the  red  ray.  The  refraction  of  the  corresponding  rays  in  the  croTin 
(density  2'44)  was  1'53  H  and  I'ol  B.  With  these  indices  the  rays  are 
traced  in  fig.  6.  The  radii  in  the  right-hand  half  section  are  those  of  an 
"  eighth  "  of  the  new  form  drawn  twenty  times  the  size  of  the  original. 
The  single  front  is  of  the  usual  form,  as  this  is  much  alike  in  all  cases. 
The  radius  or  focus  of  the  siru/U  plano-convex  back  is  about  four  and  a 
half  times  that  of  the  front,  and  the  focus  of  the  middle  (triple)  three 
times.  The  passage  of  the  blue  and  red  rays  at  the  extreme  of  the  pencil  is 
9hown  in  contrast  with  the  preceding,  the  separation  from  the  same  front 
being  alike. 

The  inner  and  outer,  or  blue  and  red  rays,  after  passing  the  first  sur- 
face of  the  triple  middle,  meet  the  concaves  of  the  flint,  which  refract 
the  blue  rays  to  a  greater  extent  than  the  red,  and  cause  them  to  con- 
verge (instead  of  diverging,  as  in  the  opposing  half  diagram),  so  that  at 
their  esdt  from  the  triple  they  meet  and  would  cross,  effecting  what  is 
known  as  "  over-correction  ;*'  but  this  is  so  balanced  and  readjusted  by 
the  single  back  of  crown  glass,  that  the  rays  are  finally  united,  and 
emerge  in  a  state  of  parallelism.  This  form  of  object-glass  is  suitable 
for  the  high  powers,  or  such  as  have  a  cover  adjustment,  viz.  from  the 
"  |-inch  **  upwards  ;  perfect  colour-correction  is  equally  to  be  obtained 
in  all  of  them. 

It  may  be  asked  by  some  who  have  devoted  their  attention  to  the 
higher  branches  of  optical  mathematics,  why  the  above  result  should 
have  been  worked  out  entirely  by  diagrams.  But  it  has  been  found 
such  a  difficult  task  to  calculate  the  passage  of  the  two  rays  of  greatest 
and  least  refrangibility  through  a  combination  having  sixteen  surfaces  of 
glass  of  three  different  densities  and  refractions,  that  even  first-class 
mathematicians  have  hitherto  shrunk  from  the  attempt. 

Diagrams,  however,  are  surprisingly  accurate  in  their  capability  of  in- 
dicating causes  and  results  in  the  microscope  and  object-glass ;  for  these 
lenses  are  minute,  with  deep  cur\'es  and  abrupt  refractions  ;  so  that  if 
the  projection  is  worked  out  some  fifty  times  the  size  of  the  original, 
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small  errors  can  be  detected.  The  work  shoidd  be  commenced  at  the 
back  from  a  long  conjugate  focus,  which,  not  being  a  constant  distance, 
may  be  taken  as  very  near  to  parallelism.  The  high  powers  all  have  the 
means  of  correction  within  this  distance,  and  perform  better  with  a  long 
posterior  focus  than  with  a  very  short  one.  The  relative  indices  for  the 
two  or  more  rays  should  be  marked  on  a  large  pair  of  proportional  com- 
passes, the  long  limb  representing  the  sine  of  the  angle  of  incidence,  and 
the  short  one  that  of  refraction.  Both  the  sines  ought  to  be  set  off  in 
the  diagram  behind^  and  neither  of  them  in  front  of  the  ray  in  course  of 
projection ;  this  leaves  the  way  clear,  with  the  least  confusion  of  lines. 

At  the  same  time  a  second  or  counterpart  diagram  should  be  at  hand, 
to  which  the  rays  only  are  transferred  as  soon  as  their  direction  is  ascer- 
tained ;  ^ith  these  precautions  a  mistake  is  scarcely  possible. 

Now  it  is  hoped  that  some  improvements  may  be  effected  by  this  in- 
vestigation, on  account  of  the  simplicity  attained  in  the  combination,  in 
which  we  have  two  single  lenses  of  crown,  whose  foci  bear  a  definite  pro- 
portion to  each  other ;  while  all  the  corrections  are  performed  by  on? 
concave  of  dense  flinty  the  acting  condition  of  which  is  not  altered  by  the 
influence  of  any  other  concaves  acting  in  the  combination,  and  hitherto 
taking  a  share  of  the  duty.  This  one  flint  is  now  to  be  considered 
singly  as  the  heart  and  centre  of  the  system  in  reference  to  the  correction 
of  the  rays  entering  and  leaving. 

This  memoir  is  of  necessity  incomplete,  for  want  of  definite  informa- 
tion concerning  the  optical  properties  of  various  kinds  of  glass.  Data 
obtained  from  working  them  into  small  lenses  furnish  only  a  rough  ap- 
proximation to  the  mean  dispersive  power  of  the  combined  flint  and 
crown  having  the  best  apparent  effect.  Of  the  intermediate  rays,  little 
can  be  known  beyond  the  mere  appearance  of  more  or  less  of  a  secondary 
spectrum. 

Nothing  of  importance  has  been  published  since  Eraunhofer's  Table, 
containing  the  refractive  indices  for  each  of  the  seven  primary  colour- 
lines  of  the  spectrum  for  ten  kinds  of  glass :  great  advance  has  been 
effected  since  that  date  in  the  manufacture  of  optical  glass,  a  most  com- 
plete collection  of  which  of  every  variety  has  been  made  by  the  Hosses  up 
to  the  present  date.  Selected  specimens  from  this  will  be  worked  into 
prisms,  and  the  relative  spe(?tra  mapped  out  by  the  Fraunhofer  lines, 
leading,  it  is  hoped,  to  the  discovery  of  a  combination  of  crown  and 
flint  glass  which  shall  bo  free  from  secondary  spectrum  or  absolutely 
achromatic.  The  result  of  this  investigation  will  be  the  subject  of  a 
futuit^  coniinunication. 


k 
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II.  '•  Note  on  an  Erroneous  Extension  of  Jacobins  Theorem/'     By 
Isaac  Todhunter,  M.A.^  F.R.S.     Received  October  2o,  1872. 

1.  It  is  well  kno\Mi  that  Jacobi  discovered  the  possibiUty  of  the  relative 
equilibrium  of  a  mass  of  homogeneous  fluid  which  is  in  the  form  of  an 
ellipsoid  and  rotates  with  uniform  angular  velocity  round  the  least  prin- 
ci^J  axis.  A  few  days  since,  in  reading  over  for  the  press  a  manuscript 
whidi  had  been  written  last  year,  I  observed  I  had  drawn  attention  to 
the  circumstance  that  such  relative  equiUbrium  would  be  impossible  if  the 
ellipsoid  rotated  round  any  other  straight  line.  Almost  immediately 
aftem'ards  I  was  accidentally  glancing  for  the  first  time  at  the  elaborate 
treatise  on  Mechanics  published  in  1870  by  Dr.  W.  Schell,  under  the 
title  of  "  Theorie  der  Bewegung  und  der  Kriifte,"  and  I  noticed  an  account 
of  Jacobi's  theorem.  Dr.  Schell  records  that  Jacobi  was  led  to  the  dis- 
covery of  his  theorem  by  reason  of  an  erroneous  statement,  made  by  Pon- 
tecoulant,  that  such  a  result  was  impossible;  Jacobi  undertook  the 
inquiry,  as  he  said,  by  virtue  of  a  "  certain  spirit  of  contradiction  to 
which  he  owed  his  most  important  discoveries "  (see  page  966  of  Dr. 
Schell's  volume).  It  should  be  remarked,  however,  that  as  to  the  error, 
Pont^coulant  merely  followed  Lagrange. 

2.  I  was  much  surprised  to  find  that  on  the  same  page  Dr.  Schell  made 
the  following  assertion : — "  It  has  been  lately  shoun  by  Dahlander  that 
the  relative  equilibrium  of  the  rotating  ellipsoid  will  subsist  even  when 
the  axis  of  rotation  does  not  coincide  \iith  a  principal  axis  of  the  ellip- 
soid.** A  reference  is  supplied  to  a  memoir  by  Dahlander  in  PoggendorfF's 
'  Annalen,'  vol.  cxxix.  (1860)  p.  443.  Notwithstanding  this  combination 
of  authority  the  assertion  is  incorrect,  as  I  shall  now  show. 

3.  I  assume  that  when  a  mass  of  fluid  is  rotating  ^^'ith  uniform  angular 
velocity  round  a  fixed  axis,  the  problem  of  detennining  the  pressure  of 
tiie  flmd  and  the  form  of  the  free  surface  may  be  changed  from  a  dma- 
mical  form  to  a  statical  in  the  following  manner : — Suppose  the  rotation 
stopped,  and  supply  at  every  point  an  acceleration  at  right  angles  to  the 
axis  outvi'ards  from  the  axis,  equal  to  rut^,  where  w  is  the  angular  velooitv, 
and  r  is  the  distance  of  the  point  from  the  axis  of  rotation.  This  can  be 
easily  demonstrated,  and  is,  in  fact,  always  taken  for  granted  by  writers 
on  the  subject. 

4.  I  vrill  confine  myself  for  simplicity  to  the  case  in  which  the  assumed 
axis  of  rotation  passes  through  the  centre  of  the  ellipsoid ;  but  it  will  be 
easily  seen  that  the  process  is  applicable  when  this  condition  is  not  ful- 
filled. Suppose  that  an  ellipsoiil,  of  which  the  axes  are  2n,  2h,  2r,  rotates 
about  a  diameter  which  makes  with  the  principal  axes  angles  \%hose  direc- 
tion cosines  are  I,  w*,  h.     Take  for  the  equation  to  the  ellipsoid 

•I        rt        ., 

^  +  77  +  %=' (1) 
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Let  O  denote  the  centre  of  the  ellipsoid,  M  any  point  of  the  mass  whose 
coordinates  are  x,  y,  z,  and  N  the  point  where  the  perpendicular  from 
M  on  the  axis  of  rotation  meets  that  axis.  Let  0,  iifChe  the  coordinates 
ofN. 

Then  the  acceleration  w'MN,  when  resolved  parallel  to  the  axes,  gives 
rise  to  the  components 

«V-£),    «*(y-.j),    «•(«-« 

respectively.    We  must  now  determine  4,  ly,  (. 
We  know  that 

cosMON«^+^^-^^; 

OM 

hence  OMcos  MON,  that  is  0Ns=2ar+my+nz.     Denote  this  by  v ;  then 

we  have 

^s=i^     ]|=:fni/,     (ssnv. 

The  attractions  of  the  ellipsoid  at  (;r,  y,  z)  parallel  to  the  axes  will  be  re- 
spectively 

P^,     Qy,     Bz; 

where  P,  Q,  B  are  certain  constants,  in  the  form  of  definite  integrals, 
which  depend  on  the  ratios  of  the  axes  of  the  ellipsoid. 

Hence  if  p  denote  the  pressure,  and  p  the  density  of  the  fluid,  we  have 

cue 

^  =p{w\y-niv)— Qy}, 

-jL.=:p{«'(z— nv) — Rs}. 
az 

Therefore  the  form  of  the  free  surface  will  be  determined  by  the  equation 

«*(;r»+y'-f  z')-oi*(Zar-f  wy+nz)'— Par*-Qy*-R«»=  constant.     .     (2) 

By  supposition,  (1)  and  (2)  must  represent  the  same  surface.     But  this 

is  obviously  impossible,  unless  two  out  of  the  three  2,  m,  n  vanish.     Thus 

the  axis  of  rotation  must  coincide  with  one  of  the  principal  axes ;  and 

then  it  follows  in  the  known  way  that  this  must  be  the  least  principal  axis. 

5.  Now  let  us  turn  to  the  memoir  by  Dahlander  in  Poggendorff's 

'Annalen.'    The  process  is  this.     Dahlander  supposes  that  there  are 

three  simultaneous  angular  velocities,  w,  J,  w",  round  the  axes  of  x,  y,  s 

respectively ;  and  then  he  assumes  the  equation 

'^^=-(P-(.,'»-w''>eea?-(Q-«'-«^'*)yrfy--(E--«'*-«»>K&. 

P 
This  equation,  however,  is  unjustifiable.     Dahlander  does  not  say  how  he 
obtained  it,  so  that  it  is  impossible  to  point  out  exactly  where  his  error  lies. 
Perhaps  the  equation  was  supposed  to  hold  in  virtue  of  some  unwarranted 
extension  of  the  principle  in  article  3.    To  show  that  the  equation  is 

^vrong,  it  is  sufficient  to  observe  that  it  makes  -r-  involve   only  the 
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Tsriable  x ;  but  the  three  angular  velocities  are  equivalent  to  a  single  an- 
gular velocity,  and  then,  as  we  see  in  article  4,  we  shall  have  -^  involving 

also  y  and  z, 

6.  The  problem  which  Dahlander  discusses  is  in  reality  much  simpler 
than  his  enunciation  implies ;  it  amounts  to  this :  investigate  the  condi- 
tions under  which  a  fluid  wUl  be  in  equilibrium  in  the  form  of  an  ellip- 
soid, when,  besides  the  attraction  of  the  fluid,  there  are  forces  parallel  to 
the  principal  axes,  which  may  be  denoted  by  /r,  gy,  hz  respectively. 
Traces  of  such  a  problem  appear  in  other  places — as,  for  example,  in 
Lagrange's  •  M^canique  Analytique,'  premiere  partie,  Sect.  VII.  This  is, 
however,  different  from  the  problem  of  rotating  fluid,  which  it  was  pro- 
posed to  discuss. 

7.  There  is  nothing  to  call  for  remark  in  the  mathematical  work  of  the 
memoir,  except  that  a  wrong  value  is  assigned  to  the  definite  integral 

I   A-JT — ^      ,    The  correct  value  is 

J,  (i+xW 

October  24, 1872- 

III.  Additional  Note  to  the  Paper  "  On  a  supposed  Alteration  in 
the  Amount  of  Astronomical  Aberration  of  Light  produced 
by  the  Passage  of  the  Light  through  a  considerable  thickness 
of  Refracting  Medium.^'  By  the  President.  Received  No- 
vember 2,  1872. 

Some  months  since  I  communicated  to  the  Royal  Society  the  residt  of 
observations  on  y  Draconis  made  with  the  water-telescope  of  the  Royal 
Observatory  (constructed  expressly  for  testing  the  equality  of  the  coeffi- 
cient of  sidereal  aberration,  whether  the  tube  of  a  telescope  be  filled  with 
air,  as  usual,  or  with  water)  in  the  spring  and  autumn  of  1871.  Similar 
observations  have  been  made  in  the  spring  and  autumn  of  1872,  and  1 
now  place  before'  the  Society  the  collected  results.  It  wiU  be  remem- 
bered, from  the  explanation  in  the  former  paper,  that  the  uniformity  of 
results  for  the  latitude  of  station  necessarily  proves  the  correctness  of 
the  coefficient  of  aberration  employed  in  the  Nautical  Almanac. 

Apparent  Latitude  of  Station, 


O  /  1/ 


1871.  Spring 51  28  34-4 

Autumn    51  28  33-6 

1872.  Sprkig 51  28  33-6 

Autumn    51  28  338 

I   now  propose,  when  the  risk  of  frost  shall  have  passed  away,  to 
reverify  the  scale  of  the  micrometer,  and  then  to  dismount  the  instrument. 

TOL.  XZI.  li 
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lY.  "  Account  of  a  Meteor  that  fell  on  the  ^  Seven  Stones'  Light- 
ship/^ in  a  Letter  from  the  Secretary  to  the  Corporation  of  the 
Trinity  House,  addressed  to  the  President.  Received  January 
9,  1873. 

Trinity  Hoiue,  London,  E.O^  9th  Janvmrj,  1873. 

Sib, — I  am  directed  to  acquaint  you  that  on  the  13th  of  November 
last,  at  2  a.m:.,  a  meteor  burst  against  the  '  Seven  Stones '  light-vessel 
belonging  to  this  Corporation,  and  moored  about  9^  miles  E.  by  N.  of  the 
Sdlly  Islands ;  and  that  it  has  been  reported  that  the  watch  were  struck 
senseless  for  a  short  period,  seeing  nothing  before  the  shock,  but  that,  on 
recovery,  balls  of  fire  like  large  stars  were  falling  in  the  water  like  splendid 
fireworks,  and  that  the  decks  were  covered  mth  cinders,  which  crushed 
under  the  sailors'  feet  as  they  walked.  It  appeared,  the  men  said,  as  if 
something  was  passing  swiftly  uid  met  with  the  obstruction  of  the  vessel 
and  burst. 

The  superintendent  reports  that  the  men  say  there  was  a  very  decided 
smell  of  brimstone,  but  add  that  thev  did  not  mention  that  until  he  asked 
th^m.  There  is  reason  to  fear  that  the  cinders  were  all  washed  off  the 
decks  by  the  rain  and  sea  before  daylight ;  and  it  happened  also  unfortu- 
nately that  the  men  did  not  think  to  observe  the  compasses. 

The  Elder  Brethren  have  great  doubts  whether  wiy  more  accurate 
account  of  the  phenomenon  than  the  foregoing  is  obtainable ;  at  the  same 
time  they  direct  me  to  report  the  matter  to  you,  conjoined  with  the  assurance 
that  if  any  important  or  iaterestiug  scientific  question  is  likely  to  be 
elucidated  by  further  inquiry,  they  will  have  great  pleasure  in  causing 
special  questions  to  be  put  to  the  men,  or  in  affording  any  member  of  the 
Eoyal  Society  facilities  for  investigation. 

1  am,  Sir, 

Tour  most  humble  8er\'ant, 

Sir  O,  B.  Airy,  K.CB.,  ^c.  ^r.  EoBiif  Allen,  Secretary. 

January  23,  1873. 
T.  ARCHER  HIRST,  Ph.D.,  Vice-President,  in  the  Chair. 

The  following  communications  were  read  : — 

I.  "  Contributions  to  the  History  of  the  Orcins. — ^No.  III.  Amide- 
derivatives  of  Orcin'^*.  By  John  Stenhouse,  LL.D.,  F.ILS.j 
&c.     Received  November  7,  1872. 

In  a  paper  published  in  March  1871t,  I  stated  that  I  had  made  some 
experiments  on  the  action  of  reducing  agents  on  trinitro-ordnic  acid  and 

*  A  prelimmarj  note  on  this  subject  appeared  in  the  '  Chemical  News,'  toL  zxiiL 
p.  292,  and  Zeita.  Chem.  vol.  yii.  p.  414. 
t  Proc.  Roy.  Soc.  toI.  xix.  p.  410. 
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tiiiiiteo-neoraiiic  acid;  but  aa  Dr.  Schreder*  has  since  published  an  ac- 
count of  some  of  the  amido-deriTatives  of  the  latter  substance,  I  have  not 
parsued  my  inyestagations  further  in  that  direction,  but  confined  mTselt 
to  an  examination  of  the  products  obtained  from  lainitro-orcinic  acid. 

AmkUhdiwUdtHfrdn,  C,  H,  (NH,)(NH),  Oj.— This  compound,  which  has 
the  properties  of  a  base,  is  formed  by  the  oxidation  of  tnamido-oroin,  and 
is  most  convenientlj  obtained  in  a  pure  state  bj  decomposing  a  solution 
of  the  acetate  witk  a  slight  excess  (A  ammonia. 

The  moat  adyantageous  method  of  preparing  the  base  is  to  reduce  tri- 
nitro-orcin  with  sodiumramalgam,  and  to  oxidize  the  alkaline  solution  of 
triamido-orcui  by  e]q)osure  to  the  air.  The  details  of  the  process  are  as 
follows : — One  part  of  trinitro-orcin  and  forty  or  fifty  parts  of  water  are 
placed  in  a  bottle  furnished  with  a  caoutchouc  cork,  and  fragments  of 
sodium-amalgam  containing  about  3  per  cent,  of  sodium  are  gradually 
introduced  and  agitated  with  the  solution,  which  first  acquires  a  brown 
colour  from  ike  foimatioii  of  an  intermediate  amido-product,  probably 
amdogoos  to  pioramio  add,  but  becomes  colourless  as  soon  as  the  trinitro* 
oran  is  completely  reduced.  The  solutiim  ^ould  be  cooled  from  time  to 
time,  as  considerable  heat  is  generated  during  the  reaction.  When  ihe 
solution  containing  triamido^orcin  and  sodic  hydrate  has  become  cold,  it 
is  poured  into  &  laige  flask  and  agitated  briskly ;  by  this  means  the  tri- 
anudo-orcin  is  oxidised  to  amido-diimidororcin  and  the  solution  assumes 
a  magnificent  blue  colour : 

C,  H,  (NHJ,  0,+ 0=C,  H.  (iraj  (NH),  0,+ OH,. 

A  few  seconds'  agitation  is  sufficient,  as  if  it  be  continued  after  the  blue 
colour  is  fully  developed,  the  amido-diimido*orcin  in  the  strongly  alka- 
line solution  imdergoes  further  oxidation  and  is  destroyed.  On  strongly 
acidulating  the  blue  solution  wit^  sulphuric  or  hydrochloric  acid,  the  cor- 
responding salt  of  amido-diimido-orcin  is  precipitated.  Instead  of  directly 
agitating  the  colourless  solution  with  air,  it  may  be  first  neutralized  or 
rendered  very  slightly  add  with  hydrochloric  acid,  cooled,  and  then  ren- 
dered alkaline  with  ammonia.  If  this  solution  be  now  agitated  in  the 
manner  before  described  it  becomes  filled  with  minute  green  needles  of 
amido-^imido-ordn.  Although  the  first  method  gives  the  best  results 
wben  carefully  conducted,  it  requires  considerable  experience  to  stop  the 
oxidation  at  the  predse  point  when  the  whole  of  the  triamido-ordn  is 
oxidized,  to  amido-diimido-ordn,  and  before  the  latter  becomes  destroyed. 
With  the  ammoniacal  solution  there  is  far  less  danger  of  over  oxidation* 
Trinitro-orcin  is  also  reduced  by  treatment  with  tin  and  hydro- 
chloric add,  or  zinc  and  hydrochloric  or  sulphuric  add.  One  part 
of  trinitro-ordn  and  four  parts  of  granulated  tin  are  heated  in  a  capacious 
flask  with  eight  measures  of  concentrated  hydrochloric  add  diluted  with 
sixteen  measures  of  water.    In  a  short  time  a  powerful  reaction  takes 

*  Ann.  Chem.  Pharm.  toL  dviii.  p.  244. 
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place,  so  that  it  is  advisable  to  remove  the  flask  from  the  source  of  heat  in 
order  to  prevent  the  contents  from  boiling  over.  When  the  action  has 
become  somewhat  moderate,  the  solution  is  boiled  until  it  is  colourless, 
then  diluted  with  water  and  the  tin  precipitated  bj  hydrosulphnric  acid. 
The  clear  solution  acquires  a  purple  tint  on  standing,  and  deposits  large 
dark-coloured  prisms  of  amido-diimido-ordn  hydrochlorate,  or  the  amido- 
diimido-ordn  may  be  obtained  directly  by  adding  a  slight  excess  of  am- 
monia to  the  filtrate  from  the  tin  sulphide  and  oxidizing  by  agitation  in 
the  presence  of  air,  when  the  base  immediately  separates  in  minute  green 
needles.  Trinitro-orcin  and  granulated  sdnc  are  boiled  in  a  flask  with 
twenty  or  thirty  parts  of  water,  and  hydrochloric  acid  added  in  small 
quantities  at  a  time  until  the  solution  becomes  almost  colourless.  The 
clear  liquid,  poured  from  the  excess  of  zinc  and  allowed  to  cool,  is  ren- 
dered slightly  alkaline  by  ammonia  and  exposed  to  the  air.  As  soon  as 
ihe  triamido-orcin  is  oxidized,  which  may  be  known  by  the  brown  colour 
of  the  product,  an  excess  of  hydrochloric  add  is  added  to  dissolve  the  one 
oxide  and  precipitate  the  amido-diimido-orcin  as  hydrochloride.  The  yield 
is,  however,  considerably  less  than  when  sodium-amalgam  is  employed  as 
the  reducing  agent. 

The  amido-diimido-orcin  sulphate  or  hydrochlorate  obtained  by  any  of 
the  above  processes  is  readUy  decomposed  by  treatment  with  a  slight  ex- 
cess of  dilute  ammonia,  leaving  the  free  base  in  an  impure  state.  This 
should  then  be  dissolved  in  warm  dilute  acetic  acid,  filtered,  and  precipi- 
tated by  a  slight  excess  of  ammonia.  Two  or  three  solutions  and  repre- 
dpitations  are  sufiident  to  render  it  pure. 

Pure  amido-diimido-orcin  crystallizes  in  small  needles,  which  have  adaiic 
green  metallic  lustre  by  reflected  light.  They  are  insoluble  in  alcohol, 
ether,  and  benzol,  and  almost  insoluble  in  water  and  dilute  ammonia. 
Strong  ammonia  only  dissolves  the  base  in  small  quantity,  yielding  a  pale 
blue  solution,  but  it  is  readily  soluble  in  a  solution  of  sodic  hydrate,  with 
a  fine  deep  blue  colour ;  the  solution,  however,  when  boiled,  loses  its 
colour,  ammonia  being  at  the  same  time  evolved.  The  base  gives  off  am- 
monia when  heated,  and  leaves  a  carbonaceous  residue  very  difficult  of 
combustion.  As  might  be  expected,  when  amido-diimido-ordn  is  treated 
with  sodium-amalgam,  it  is  reconverted  into  triamido-orcin. 

Analysis  of  amido-<liimido-orcin. — '290  grm.  substance,  dried  in  vae^o^ 
lost  '025  grm.  when  dried  at  100°,  equivalent  to  8*62  per  cent. 

I.  "140  grm.  substance,  dried  at  100**,  gave  '234  grm.  carbonic  anhy- 
dride and  '075  grm.  water. 

II.  '290  grm.  substance,  dried  at  100°,  gave  "487  grm.  carbonic  anhy- 
dride and  '152  grm.  water. 
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Theory.  L  11.  Mean. 

C,  =     84  =  45-40  45-59      4577     45-68 

H„  =     11  =  5-95  5-95        6-81        5-88 

N,  =     42  =  22-70                

O,  =  J8  =  25-95 

185  100-00 

It  will  be  seen  that  the  results  of  the  analyses  agree  with  the  formnla 
C,  (CH,)  (NHJ  (NH),  (HO),-|-H,  O  for  the  substance  dried  at  100°,  and 
the  formula  for  the  substance  dried  in  vacvo  is  probably 

C.  (CH.)  (NH,)  (NH),  (H0),+2H,  O, 

as  it  requires  8*87  per  cent,  water. 

Triamido-ordn. — The  colourless  solution  obtained  by  the  reduction  of 
trinitro-orcin  with  tin  and  hydrochloric  acid,  after  removal  of  the  tin  by 
Bulphydric  acid,  appears  to  contain  triamido-orcin  hydrochloride  along  with 
excess  of  hydrochloric  acid.  On  concentrating  the  solution  at  100°  much 
of  the  triamido-orcin  is  decomposed  and  a  considerable  amount  of  ammo- 
nium chloride  formed ;  whilst,  although  long  needles  of  triamido-ordn 
hydrochloride  are  obtained  by  evaporating  it  in  a  vacuum,  yet,  owing  to 
their  great  solubility  and  the  readiness  with  which  they  absorb  water  and 
deliquesce,  the  salt  has  not  yet  been  obtained  in  a  state  fit  for  analysis. 
On  moistening  the  crystals  of  this  hydrochloride  with  ammonia,  they  be- 
come almost  instantaneously  converted  into  the  metallic  green  needles  of 
the  amido-diimido-ordn. 

If  a  current  of  sulphuretted  hydrogen  be  passed  through  a  solution  of 
ammonium  sulphydrate  in  which  amido-diimido-ordn  is  suspended,  the 
latter  rapidly  loses  its  colour  and  becomes  converted  into  a  sandy  deposit 
consisting  of  colourless  crystals.  .These  are  apparently  triamido-ordn, 
and  may  be  washed  by  decantation  with  a  dilute  solution  of  ammonium 
Bolphydrate,  in  which  they  are  but  slightly  soluble.  These  crystals  rapidly 
acquire  the  metallic  green  lustre  of  amido-diimido-ordn  when  exposed  to 
the  air,  and  are  readily  soluble  in  dilute  adds.  The  hydrochloric-add 
solution  behaves  in  a  manner  precisely  similar  to  that  obtained  by  the 
reduction  of  trinitro-orcin  with  tin  and  hydrochloric  add,  becoming  deep 
red,  and  depositing  crystals  of  amido-diimido-ordn  hydrochloride  when 
exposed  to  the  air. 

Amido-dHmido-crcin  hydrochloride. — The  hydrochloride  obtained  in  the 
preparation  of  amido-diimido-orcin,  as  described  in  the  earlier  part  of  this 
communication,  may  be  purified  by  crystallization  from  hot  water ;  but  as 
heat  decomposes  solutions  of  the  salts  of  this  base,  it  is  better  to  predpi- 
tate  a  cold  solution  of  the  acetate  by  a  slight  excess  of  hydrochloric  add, 
in  which  the  hydrochloride  is  but  slightly  soluble :  the  predpitate  should 
be  thoroughly  washed  with  alcohol,  pressed,  and  dried. 

Pure  amido-diimido-ordn  hydrochloride  crystallizes  in  different  ways* 
according  to  the  circumstances  under  which  the  crystals  are  formed.    As 
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produced  directly  by  adding  hydrochloric  add  to  the  blue  solution  of  the 
base  in  caustic  soda  obtained  from  trinitro-orcin  by  sodium-amaJgam,  it 
forms  long  silky  needles  of  a  brownish-red  colour :  an  aqueous  solution 
of  the  acetate  or  hydrochloride  precipitated  by  an  excess  of  hydrochloric 
add  yields  a  mixture  of  these  needles  with  rhomboidal  plates ;  the  latter 
are  purple  by  reflected  light,  and  of  an  olive-green  colour  by  transmitted 
light.  The  slow  oxidation  of  the  hydrochloric-add  solution  of  triamido- 
ordn  obtained  by  means  of  tin  and  hydrochloric  add  yields  dark-coloured 
short  thick  prisms.  The  hydrochloride  is  insoluble  in  alcohol  and  ether, 
moderately  soluble  in  cold  water,  and  readily  in  boiling  water,  although 
the  latter  causes  partial  decomposition.  Its  aqueous  solution  is  predpi- 
tated  almost  entirely  on  addulating  it  witii  hydrochloric  add ;  but  Uie 
salt  is  soluble  in  concentrated  hydrochloric  add,  especially  when  warm, 
forming  a  purple  solution.  On  boiling  this  the  salt  is  rapidly  decomposed 
and  the  colour  changes  to  a  dirty  green. 

Analysia  of  amido^iimido-orcin  hydroMoride, — *428  gm.  Bubfltanoe, 
dried  in  vacm,  lost  *035  grm.  when  heated  to  100^,  correspondiiigto  8-41 
per  cent,  water. 

I.  *255  grm.  substance,  dried  at  100^,  gave  '180  grm.  aigentic  chloride. 

n.  '232  grm.  substance,  dried  at  100^,  gave  '164  gnu.  aigentic  chloride. 

m.  '344  grm.  substance,  dried  at  100°,  gave  *242  gm.  ai^gentic 
chloride. 

Theory.  I.  II.  III.        Mean. 

C,HjoN,0,  =  168        82-56  

a  =     35-5      17'45         17-47      1749     17'40      17'46 

203-5    100-00 

These  results  correspond  nearly  to  the  formula 

C.  (CH.)  (NH.)  (NH),  (HO^  HCl 

for  the  substance  dried  at  100** ;  and  the  formula 

C,  (CH3)  (NH,)  (Nil),  (HO),  llCi + H,  O 

requires  8*13  per  cent,  water,  and  would  therefore  appear  to  be  that  of 
the  substance  dried  in  vacuo, 

Amido-diimido-orcin  siUphcUe, — This  salt  is  readily  prepared  by  precipi- 
tating a  dilute  solution  of  the  acetate  with  sulphuric  add,  when  it  fonns 
minute  lustrous  plates  which  are  purple  by  reflected  light.  By  slow 
ciystallization  from  a  hot  aqueous  solution  it  may  be  obtained  in  large 
leaf^like  plates.  It  somewhat  resembles  Uie  hydrochloride  in  its  proper- 
ties, but  is  much  less  soluble  in  water. 

AnaUfsis  0/  amid^hdiimido-ordn  sulphate, — I.  '255  grm.  substance,  dried 
at  100°,  gave  -128  grm.  barium  sulphate. 

IL  -284  gtm.  substiiQoe,  dried  at  100°,  gave  -143  grm.  barium  sulphate. 
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Theory.  I.  11.  Mean. 

(C^  H„  N,  0,X  =  372      79-49 

80^  =  _96      20-51        20-65     20*72     20-69 

468     100-00 
The  formiila  of  this  salt  would  therefore  appear  to  be 
[C.  (CH.)  (NH,)  (NH),  (HOU  so. + H,  O. 

Amido-diimido-'Orcin  nitrate  is  prepared,  like  the  sulphate,  by  adding  -h 
slight  excess  of  nitric  acid  to  a  moderately  strong  solution  of  the  acetate 
and  washing  the  precipitate  with  alcohol.  It  closely  resembles  the  sul- 
phate in  appearance,  but  is  much  more  soluble  in  water.  When  heated 
with  excess  of  nitric  acid  it  is  decomposed,  yielding  a  yellow  solution, 
which,  on  being  evaporated,  leaves  a  mixture  of  oxalic  add  and  an  amor- 
phous yellow  substance. 

Jbnido-diimido-arcin  acetate, — Amido-diimido-orcin  dissolves  readily  in 
acetic  acid ;  and  on  carefully  evaporating  the  solution  at  a  low  tempera- 
ture, the  acetate  is  obtained  in  ill-defined  crystalline  plates  having  a  purple 
iridescence.  It  is  readily  soluble  in  cold  water,  but  only  slightly  soluble 
in  glacial  acetic  acid. 

Amido-diifnido-arcin  oxalate, — ^Very  slightly  soluble  purple  scales  ob- 
tained by  precipitatiDg  a  solution  of  the  acetate  with  oxalic  add. 

Amido-^ihnido-orcin  picrate, — On  adding  a  solution  of  picric  add  to  a 
dilute  solution  of  amido-diimido-orcin  acetate  and  washing  the  predpitate 
with  alcohol,  the  picrate  is  obtained  in  iridescent  green  needles  and  plates. 
It  is  insoluble  in  alcohol,  and  but  slightly  soluble  in  water. 

I  cannot  conclude  this  paper  without  acknowledging  the  very  effident 
aid  I  have  recdved  from  my  assistant,  Mr.  Charles  Edward  Groves,  in 
conducting  this  investigation. 

II.  ''  Note  on  tiie  Wide-slit  Method  of  viewing  the  Solar  Promi- 
nences.'' By  William  Hugoins,  D.C.L.,  LL.D.,  F.R.S. 
Received  November  21,  1872. 

When  editing  the  English  translation  of  Schellen's  '  Spectrum  Ana- 
lysis,* I  discovered  that  the  short  account  of  the  method  of  viewing  the 
forms  of  the  solar  prominences  by  means  of  a  wide  slit,  which  I  had  the 
honour  of  presenting  to  the  Roy^  Society  on  February  16,  1869  *,  does 
not  agree  exactly  in  one  respect  with  the  account  of  the  observation  of 
February  13  as  it  was  entered  at  the  time  in  my  observatory  book.  The 
short  note  was  written  at  the  suggestion  of  a  friend  during  a  Committee 
held  in  tiie  Boyal  Sodet/s  Apartments,  and,  as  the  concluding  words 
show,  was  intended  to  be  followed  by  a  more  detailed  account  of  the 
method  of  observation.  The  point  in  question  relates  to  the  position  of 
a  second  slit  which  was  used  to  screen  the  eye  from  every  part  of  the 

♦  Proo.  Boy.  Soc.  vol.  xvii.  p.  302. 
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spectrum  except  that  under  observation.  The  words  in  mj  book  written 
at  the  time  are,  *'  narrow  slit  found  to  be  best  at  foeiis  of  little  telescope 
with  positive  eyepiece."  In  the  note  the  second  slit  was  stated  to  have 
been  placed  before  the  object-glass  of  the  little  telescope.  Such  an  ar- 
rangement was  tried  in  connexion  with  some  other  experiments  in  pro- 
gress at  the  time.  The  plan  of  limiting  the  field  of  view  to  the  part  of 
the  spectrum  corresponding  to  the  refrangibLhty  of  the  light  of  the  pro- 
minence, as  well  as  the  employment  of  a  ruby  glass,  is  of  value  when  the 
air  is  not  favourable,  or  when  a  spectroscope  of  small  dispersive  power  is 
used. 


III.  ''  On  the  Fossil  Mammals  of  Australia. — Part  VIII.  Family 
MACROPODiDiB :  Genera  Macropus,  Osphranter,  Phascolagus, 
Sthenurus,  and  Protemnodon,"  By  Professor  Owen,  F.B.S. 
&c.     Received  November  11,  1872. 

(Abstract.) 

In  the  present  Part  of  the  series  of  papers  on  the  Fossil  Mammals  of 
Australia,  the  author  enters  upon  the  description  and  determination  of  the 
fossils  referable  to  the  family  of  Kangaroos  (Macropodidje),  restricting, 
however,  the  latter  term  to  the  species  in  which  the  molar  teeth  have 
two  tnmsverse  ridges  for  the  chief  character  of  their  grinding-surface, 
and  excluding  the  Potoroos  (Hypsiprymnidie),  in  which  the  working- 
surface  of  the  molars  is  formed  by  four  tubercles  in  two  transverse  pairs. 

The  large  extinct  species  of  Kangaroo  indicated  under  the  names 
Macropus  Titan,  M,  Atlas,  and  M,  Anak  in  former  publications  ('Mitchell's 
Three  Expeditions  into  the  Interior  of  Eastern  Australia,'  2  vols.  8vo, 
1838,  Palaeontological  Appendix,  vol.  ii.  p.  59,  pis.  24-32 ;  also  •  Pro- 
ceedings of  the  Geological  Society  of  London,'  vol.  xv.  p.  185,  1858) 
here  receive  further  elucidation  of  their  specific  distinction  from  any 
known  living  Kangaroos  and  of  the  grounds  (according  to  the  value 
assigned  thereto  by  present  zoologists)  for  referring  two  of  these  (Jf. 
Atlas  and  M,  Anak)  to  distinct  subgenera  of  MacropodidaB. 

As  the  extinct  Kangaroos  which  the  present  paper  defines  are  chiefly 
represented  by  fossil  jaws  and  teeth,  some  remarks  on  the  dentition  of 
existing  Kangaroos,  with  requisite  illustrations,  are  premised,  and  the 
parts  of  the  complex  molars  are  defined. 

The  author  then  enters  on  the  elucidation,  aided  by  the  facts  pre- 
mised, of  Macropvs  Titan,  M,  ajffinis,  Osphranter  Cooperi,  0.  Ghtddii^ 
Phascolagus  altiis,  Sthenurus  Atlas,  S.  Brehus,  Protemnodon  Anak,  P.  Og^ 
P,  Mimas,  and  P,  Ecechus, 

The  maxillary,  mandibular,  and  dental  characters  of  these  extinct 
species  are  illustrated  by  the  subjects  of  eight  Plates. 
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January  30,  1873. 
GEORGE  BUSK,  Esq.,  Vice-President,  in  the  Chair. 
The  following  communications  were  read  : — 

I.  ''  Note  on  the  Origin  of  Bacteria,  and  on  their  Relation  to  the 
Process  of  Putrefaction.^^  By  H.  Charlton  Bastian,  M.D., 
F.R.S.     Received  November  20,  1872. 

In  his  now  celebrated  memoir  of  1862,  M.  Pasteur  asserted  and  claimed 
to  have  proved  (1)  that  the  putrefaction  occurring  in  certain  previously 
boiled  fluids  after  exposure  to  the  air  was  due  to  the  contamination  of 
the  fluids  by  Bacteria,  or  their  germs,  which  had  before  existed  in  the  at- 
mosphere, and  (2)  that  all  the  organisms  found  in  such  fluids  have  been 
derived  more  or  less  immediately  from  the  reproduction  of  germs  which 
formerly  existed  in  the  atmosphere. 

The  results  of  a  long  series  of  experiments  have  convinced  me  that  both 
these  views  are  untenable. 

In  the  first  place,  it  can  be  easily  shown  that  Uving  Bacteria,  or  their 
germs,  exist  very  sparingly  in  the  atmosphere,  and  that  solutions  capable 
of  putrefying  are  not  commonly  infected  from  this  source. 

It  has  now  been  very  definitely  ascertained  that  certain  fluids  exist 
which,  after  they  have  been  boiled,  are  incapable  of  giving  birth  to  Boo- 
ieria,  although  they  continue  to  be  quite  suitable  for  the  support  and 
active  multiplication  of  any  such  organisms  as  may  have  been  purposely 
added  to  them.  Amongst  such  fluids  I  may  name  that  now  commonly 
known  as  "  Pasteur's  solution,"  and  also  one  which  I  have  myself  more 
commonly  used,  consisting  of  a  simple  aqueous  solution  of  neutral  am- 
monic  tartrate  and  neutral  sodic  sulphate*.  When  portions  of  either 
of  these  fluids  are  boiled  and  poured  into  superheated  flasks,  they  will 
continue  quite  clear  for  many  days,  or  even  for  weeks — ^that  is  to  say, 
although  the  short  and  rather  narrow  neck  of  the  flask  remains  open  the 
fluids  will  not  become  turbid,  and  no  Bacteria  are  to  be  discovered  when 
they  are  submitted  to  microscopical  examination. 

But  in  order  to  show  that  such  fluids  are  still  thoroughly  favourable 
media  for  the  multiplication  of  Bacteria,  all  that  is  necessary  is  to  bring 
either  of  them  into  contact  with]a  glass  rod  previously  dipped  into  a  fluid 
containing  such  organisms.  In  about  thirty-six  hours  after  this  has  been 
done  (the  temperature  being  about  80°  F.),  the  fluid,  which  had  hitherto 
remained  clear,  becomes  quite  turbid,  and  is  found,  on  examination  with 
the  microscope,  to  be  swarming  with  Ba^cteriaf, 

Pacts  of  the  same  kind  have  also  been  shown  by  Dr.  Burden  Sander- 

*  In  the  proportion  of  10  grains  of  the  former  and  3  of  the  latter  to  1  ounoe  of 
diftilled  water. 
t  The  Modes  of  Origin  of  Lowest  Organisms,  1871,  pp.  30,  51. 
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son*  to  hold  good  for  portions  of  boiled  "  Pasteur's  solution."  Air  was 
even  drawn  through  such  a  fluid  daily  for  a  time,  and  yet  it  continued 
free  from  Bacteria. 

Evidence  of  this  kind  has  already  been  widely  accepted  as  justifying 
the  conclusion  that  living  Bacteria  or  their  germs  are  either  wholly  absent 
from  or,  at  most,  only  very  sparingly  distributed  through  the  atmo- 
sphere. The  danger  of  infection  from  the  atmosphere  having  thus  been 
got  rid  of  and  shown  to  be  delusive,  I  am  now  able  to  bring  forward  other 
evidence  tending  to  show  that  the  first  Bacteria  which  appear  in  many 
boiled  infusions  (when  they  subsequently  imdergo  putrefactive  changes) 
are  evolved  de  novo  in  the  fluids  themselves.  These  experiments  are 
moreover  so  simple,  and  may  be  so  easily  repeated,  that  the  evidence 
which  they  are  capable  of  supplying  lies  within  the  reach  of  all. 

That  boiling  the  experimental  fluid  destroys  the  life  of  any  Bacteria  or 
Bacterior-^QTmB  preexisting  therein  is  now  almost  universally  admitted ; 
it  may,  moreover,  be  easily  demonstrated.  If  a  portion  of  "  Pasteur's  so- 
lution "  be  purposely  infected  with  living  Bacteria  and  subsequently  boiled 
for  two  or  three  minutes,  it  will  continue  (if  left  in  the  same  flask)  dear  for 
an  indefinite  period  ;  whilst  a  similarly  infected  portion  of  the  same  fluid, 
not  subsequently  boiled,  will  rapidly  become  turbid.  Predsely  similar 
phenomena  occur  when  we  operate  with  the  neutral  fluid  which  I  have 
previously  mentioned ;  and  yet  M.  Pasteur  has  ventured  to  assert  that  the 
germs  of  Bacteria  are  not  destroyed  in  neutral  or  slightly  alkaline  fluids 
which  have  been  merely  raised  to  the  boiling-point  t. 

Even  M.  Pasteur,  however,  admits  that  the  germs  of  Bacteria  and  other 
allied  organisms  are  killed  in  slightly  acid  fluids  which  have  been  boiled 
for  a  few  minutes ;  so  that  there  is  a  perfect  unanimity  of  opinion 
(amongst  those  best  qualified  to  judge)  as  to  the  destructive  eSects  of  a 
heat  of  212®  F.  upon  any  Bacteria  or  Bacteriar-gQrm&  which  such  fluids 
may  contain. 

Taking  such  a  fluid,  therefore,  in  the  form  of  a  strong  filtered  infusion 
of  turnip,  we  may  place  it  after  ebullition  in  a  superheated  flask  with  the 
assurance  that  it  contains  no  living  organisms.  Having  ascertained  also 
by  our  previous  experiments  with  the  boiled  saline  fluids  that  there  is 
no  danger  of  infection  by  Bacteria  from  the  atmosphere,  we  may  leave 
the  rather  narrow  mouth  of  the  flask  open,  as  we  did  in  these  experiments. 
But  when  this  is  done,  the  previously  clear  turnip-infusion  invariably 
becomes  turbid  in  one  or  two  days  (the  temperature  being  about  70*^  F.), 
owing  to  the  presence  of  myriads  of  Bacteria, 

Thus  if  we  take  two  similar  flasks,  one  of  which  contains  a  boiled 
"  Pasteur's  solution  ^  and  the  other  a  boiled  turnip-infusion,  and  if  we 

»  Thirteenth  Report  of  the  Medical  Officer  of  the  Priyy  Counca  (1871),  p.  69. 
t  How  unwarrantahle  such  a  conclusion  appears  to  be,  1  have  elsewhere  endeavoured 
0  show.    See  *  Beginnings  of  Life,'  1872,  toL  i.  pp.  326-333,  372-309. 
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place  them  beneath  the  same  bell-jar,  it  will  be  found  that  the  first  fluid 
remains  clear  and  free  from  BacUria  for  an  indefinite  period,  whilst  the 
second  inyariablj  becomes  turbid  in  one  or  two  days. 

What  is  the  explanation  of  these  discordant  results  ?  We  have  a  right 
to  infer  that  all  preexisting  life  has  been  destroyed  in  each  of  the  fluids  *  ; 
we  have  proved  also  that  such  fluids  are  not  usuaUy  infected  by  Bacteria 
derived  from  the  air;  in  this  very  case,  in  fact,  the  putresdble  saline 
fluid  remains  pure,  although  the  organic  infusion  standing  by  its  side 
rapidly  putrifies.  We  can  only  infer,  therefore,  that  whilst  the  boiled 
saline  solution  is  quite  incapable  of  engendering  Bacteria  f,  such  organisms 
are  able  to  arise  de  novo  in  the  boiled  organic  infusion. 

Although  this  inference  may  be  legitimately  drawn  from  such  experi- 
ments as  I  have  here  referred  to,  fortunately  it  is  confirmed  and  strength- 
ened by  the  labours  of  many  investigators  who  have  worked  under  ike 
influence  of  much  more  stringent  conditions,  and  in  which  closed  vessels 
of  various  kinds  have  been  employed  $. 

Whilst  we  may  therefore  infer  (1)  that  the  putrefaction  which  occurs 
in  many  previously  boiled  fluids  when  exposed  to  the  air  is  not  due  to  a 
contamination  by  germs  derived  from  the  atmosphere,  we  have  also  the 
same  right  to  conclude  (2)  that  in  many  cases  the  first  organisms  which 
appear  in  such  fluids  have  arisen  de  novo,  rather  than  by  any  process  of 
reproduction  from  preexisting  forms  of  life. 

Admitting,  theref<H^,  that  Bacteria  are  ferments  capable  of  initiating 
putrefactive  dianges,  I  am  a  firm  believer  also  in  the  existence  of  not- 
living  ferments  under  the  influence  of  which  putrefactive  changes  may  be 
imtiAted  in  certain  fluids— K^faanges  which  are  almost  invariably  accom- 
panied by  a  new  birth  of  living  particles  capable  of  rapidly  developing 
into  Bacteria, 

II,  "  On  Just  Intonation  in  Music ;  with  a  description  of  a  new 
Instrument  for  the  easy  control  of  all  Systems  of  Tuning 
other  than  the  ordinary  equal  Temperament.'^  By  R.  H.  M. 
BosANQUET,  Fellow  of  St.  John's  College,  Oxford.  Com- 
municated by  Professor  H.  J.  S.  Smith,  F.R.S.,  Savilian 
Pirofessor  of  Geometry  in  the  University  of  Oxford. 

(Abstract.) 
The  object  of  this  ccnnmunication  is  to  place  the  improved  systems  of 

•  [Nate,  Jan. 31. 1873.]— In  'The  Beginnings  of  Life,'  toI.  i.  p.  332,  note  1, 1  hare 
cited  fiMsts  Htronglj  tending  to  show  that  Bacteria  are  kiUed  in  infiuiions  of  turnip  or  of 
hay»  when  these  have  been  heated  to  a  temperatnro  of  140°  F.  They  idso  seem  to  die 
at  the  Hune  temperature  in  solutions  of  ammonio  tartrate  with  sodic  phosphate. 

t  See  'Beginnings  of  Life,'  toI.  ii.  p.  35,  and  toI.  i.  p.  463. 

X  See  a  recent  communication  by  Prof.  Burdon  Sanderson,  in  '  Nature,' January  9tb 
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tuning  within  the  reach  of  ordinary  musicians;  for  this  purpose  the 
theory  and  practice  are  reduced  to  their  simplest  forms. 

A  notation  is  described,  adapted  to  use  with  ordinary  written  music, 
by  which  the  notes  to  be  performed  are  clearly  distinguished. 

The  design  of  a  key-board  is  described,  by  which  any  system  of  tuning, 
except  the  ordimtry  equal  temperament,  can  be  controlled,  if  only  the 
fifths  of  the  system  be  all  equal.  The  design  is  on  a  symmetrical 
principle,  so  that  aU  passages  and  combinations  of  notes  are  performed 
with  the  same  handling,  in  whatever  key  they  occur. 

The  theory  of  the  construction  of  scales  is  then  developed,  and  a 
diagram  is  given,  from  which  the  characteristics  of  any  required  system 
can  be  ascertained  by  inspection. 

An  account  is  then  given  of  the  application  of  such  systems  to  the  new 
key-board,  and  particularly  of  an  harmoniimi  which  has  been  constructed 
and  contains  at  present  the  division  of  the  octave  into  fifty-three  equal 
intervals  in  a  complete  form.    Bules  for  tuning  are  given. 

Finally,  the  application  of  the  system  of  fifty-three  to  the  violin  is 
discussed. 

Throughout  the  work  of  former  labourers  in  the  same  field  is  re- 
viewed: the  obligations  of  the  writer  are  due  to  Helmholtz,  the  late 
General  T.  Perronet  Thompson,  F.R.S.,  and  others. 


III.  "  On  the  Composition  and  Origin  of  the  Waters  of  a  Salt  Spring 
in  Huel  Seton  Mine,  vrith  a  Chemical  and  Microscopical 
examination  of  certain  Rocks  in  its  vicinity.''  By  J.  Arthur 
Phillips,  Mem.Inst.C.E.  Communicated  by  Professor 
Ramsay,  F.R.S.     Received  December  12,  1872. 

(Abstract.) 

Huel  Seton  Copper-Mrue  is  situated  about  one  mile  north-east  of  the 
town  of  Camborne,  Cornwall,  and  is  distant  from  the  sea,  on  the  north 
coast,  a  little  more  than  three  miles. 

The  workings  of  Huel  Seton  are  entirely  in  "  killas,"  or  clay-slate,  and 
the  saline  waters  issue  at  the  rate  of  50  gallons  per  minute,  and  at  a 
temperature  of  92°  P.,  from  the  eastern  fore  breast  of  the  160-fathom 
level.  This  has  intersects  a  fault,  or  cross  course,  which  may  be  traced 
in  a  northerly  direction  to  the  sea.  The  temperature  of  the  level  from 
the  end  of  which  the  water  issues,  like  that  of  the  water  itself,  is  92^  F. 
The  following  results,  in  grammes  per  litre  and  grains  per  gallon,  were 
obtained  by  analysis.  Sp.  gr.  1*0123.  Total  solid  contents  14'3668 
grammes  per  litre,  or  1005*61  grains  per  gallon. 
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Grammes  per  litre. 

Ghrains  per  gallon. 

I. 

II. 

I. 

II. 

Carbonic  acid 

•0796 

•0178 

•0270 
91728 

trace. 

•3456 

•0031 

trace, 
minute  trace. 
3-4795 

•0721 
6-4920 

•0832 

trace. 
2-2977 

•0805 

trace, 
trace. 

•0786 

•0177 

•0280 
9-1662 

trace. 

•3460 

•0033 

trace, 
minute  trace. 
3-4963 

-0710 
6-4626 

•0836 

trace. 
22886 

•0794 

trace. 

trace. 

5-56 

1-25 

1-89 

64210 

trace. 

2419 

•22 

trace. 

minute  trace. 

243-56 

5-05 

45444 

5-82 

trace. 

160-84 

5-63 

trace. 

trace. 

5-50 

124 

1-96 
641-63 

trace. 

24  22 

•23 

trace, 
minute  trace. 
24474 

4-97 
45238 

5-84 

trace. 
16019 

5-56 

trace. 

trace. 

Sulphuric  acid    

Silica  

Chlorine 

Bromine 

Alumina x 

Ferric  oxide    

flnanflfanese 

Copper    

Kl~'     

Liime    

Maimena . . 

Alkaline  (dilorides 

Potaasium   

Cesium* 

Sodium   

T^thium 

Ammonia    

Nitric  acid  

The  foregoing  results  may  be  thus  tabulated  t : — 


Gnunmes  per  litre. 

Grains  per  gallon. 

I. 

n. 

I. 

II. 

Calciiifn  carbonate.  rt--r--- 

•0921 

-0045 

trace. 

•0303 
minute  trace. 
6-7697 

•1712 

•9003 

•0919 

trace. 
5-8442 

•4888 

trace. 

•0693 

trace. 

trace. 

•1011 

0047 

trace. 

•0301 
minute  trace. 
6-7934 

-1686 

•9013 

•0900 

trace. 
5-8210 

•4820 

trace. 

•0719 

trace. 

trace. 

6-45 
•31 
trace. 
2-12 
minute  trace. 
473-88 
11-98 
63-02 
6-43 
trace. 
409-09 
34  22 
trace. 
4-85 
trace, 
trace. 

7^08 

•33 

trace. 

2-11 

minute  trace. 

475-54 

11-80 

6309 

630 

trace. 

407-47 

33-74 

trace. 

5-03 

trace. 

trace. 

Ferrous  carbonate 

ManganouB  carbonate    ... 
Calcium  iQilnhate  ...t..,.- 

Cupric  chloride 

Calcium  chloride   

Magnesinm  chloride 

Aluminium  chloride 

Potassium  chloride 

Calcium  chloride   

Sodinm  chloride, , 

T4thiiim  chloride    , 

Potassium  bromide    

Pota8siumBilicate(E^iOa) 
Nitric  acid  

Ammonia     

Total  found  by  addition 
of  constituents    

14-4623 

14-3658 

•0373 

14-4641 
•0323 

1012-35 

1005-61 

261 

1012-49 

•  •  • 

2-26 

Total  found  directly  t 

Free  carbonic  acid 

*  The  amount  of  08»ium  appears  to  be  rerj  small.    On  adding  chloride  of  platinum 
to  a  rather  dilute  solution  of  the  alkaline  chlorides  obtained  from  this  water,  a  alight 

Ellow  precipitate  was  deposited ;  this,  after  re-solution  and  the  remoTal  of  the  platinum 
sulphuretted  hydrogen,  afforded  by  the  spectroscope  somewhat  faint  indications  of 
9  presence  of  cssium. 

t  As  the  state  of  combination  in  which  the  yarious  substances  present  in  mineral 
waters  exist  cannot  be  accurately  determined,  the  system  of  groupmg  adopted  in  the 
Table  must  to  some  extent  be  re^urded  as  arbitrary. 
I  The  dii&rence  between  the  amount  of  total  solid  contents  found  directly  and  thi 
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A  consideration  of  the  various  phenomena  connected  with  the  oocuiv 
rence  of  this  and  other  apparently  similar  springs  which  have  at  different 
times  been  discovered  in  the  district,  would  seem  to  lead  to  the  inference 
that  thej  all  have  some  more  or  less  direct  communication  with  the  sea, 
and  that  thej  are  either  the  result  of  infiltration  of  sea-water  through 
faults,  or  are  true  and  independent  sources  which,  before  being  tapped 
below  the  sea-level,  had  found  their  way  to  the  ocean  through  fiiults  or 
channels. 

The  following  would  appear,  in  the  present  stat-e  of  our  knowledge,  a 
not  improbable  explanation  of  the  origin  of  the  Huel  Seton  spring. 

The  cross  course  is  believed  to  extend  through  both  granite  and  day- 
slate  to  the  sea.  From  the  close  contact  of  its  surfaces,  the  presence  of 
clay,  and  from  other  causes,  this  fault  may  be  supposed  not  to  be 
uniformly  permeable  by  water,  which  can  only  follow  a  circuitous  passage. 
In  this  way  it  penetrates  to  depths  where  reactions  take  place,  which, 
although  not  entirely  in  accordance  with  the  results  of  daily  experience 
in  our  laboratories,  cau,  after  the  investigations  of  M.  Daubr^,  M.  de 
S^narmont,  and  others,  be  readily  understood. 

By  the  action  of  sea-water  on  silicates  of  calciumy  silicates  of  sodium  and 
chloride  of  calcium  may  be  produced.  The  sulphate  of  sodium  of  the  sea- 
water  will  be  decomposed  by  this  chloride  of  calcium,  with  the  production 
of  sulphate  of  calcium  and  chloride  of  sodium.  The  decomposition  of 
clayey  matter  by  commmi  salt  may  produce  diloride  of  aluminium  and 
silicates  of  sodium,  while  the  magnesium  of  the  chloride  of  magnesium  may 
be  replaced  by  calcium ;  lastly,  a  portion  of  the  potassium  in  ihe  sei^water 
appears  to  have  been  replaced  by  the  liifiium  of  the  granite. 


Presents  revived  January  9,  1873. 
Transactions. 

Amsterdam  : — Koninklijke  Akademie  van  Wetenschappen.  Yerhand^ 
lingen.  Afdeeling  Letterkunde.  Deel  7.  4to.  1872.  Yerslagen  en 
Mededeelingen.  Afdeeling  Natuurkunde.  TweedeBeeks.  Deel.  6. 
Afd.  Letterkunde.  TweedeBeeks.  Deel  2.  8vo.  1872.  Jaaiiboek 
voor  1871.  8vo.  Processen-Verbaal  van  de  gewone  Vergade^ 
ringen  der  Afdeeling  Natuurkunde,  1871-72.  8vo.  Ad.  Juvenem 
Satira  Petri  i^sseiva.  8vo.  Amst.  1872.  C.  Leemans  Bathmensche 
Muurschilderingen.  4to.  Amst,  1872.  l^ie  Academy. 

obtained  by  addition  of  constituents,  is  doubtless  in  a  great  measure  due  to  the  partial 
decomposition  of  aluminium  and  magnesium  chlorides  at  the  tomperatore  (ISff  C.).^ 
which  the  drying  of  the  residue  was  effected. 
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1869.  The  Institution. 

Beale  Istituto  Lombardo.     Mehiorie.   Classe  di  Sdenze  Matema- 

tiche  e  Naturali.  Vol.  XI.  fasc.  1,  2.   Classe  di  Lettere.  Vol.  XI. 

faflc.1,2,  4to.  1868-69.   BendicontL  Serie  2.  Vol.1,  fasc.  11-20; 

Vol.  II.  fosc.  1-16.   8vo.   1868-69.     Solenni  Adunanze.  Vol.  I. 

fasc.  5.  8vo.  1868.     Annuario  1868.  12mo.  The  Institute. 

Palermo  : — Idi,  Istituto  Tecnico,     Giomale  di  Sdenze  Naturali  ed  Eco- 

nomiche.  Vol.  11.  fasc.  1.  roy.  8vo.  1866.  The  Institute. 

Shanghai : — North  China  Branch  of  the  Eoyal  Asiatic  Sodety .   Journal . 

New  Series.  No,  5,  6.  8vo.  1869-71-  The  Society. 

Vienna : — Csterreichische  Gesellschaft  fiir  Meteorologie.     Zeitschrift. 

Band  VU.  nr.  12-24.  roy.  8vo.   Wien  1872.  The  Society. 


Brisiow  (H.  W.),  F.R.S.  Table  of  British  Sedimentary  and  Fossiliferous 
Strata.  8vo.  London  1872.  The  Author. 

Hackel  (Ernst)  Die  Kalkschwamme,  eine  Monographic.  3  vols.  roy.  8vo. 
Berlin  1872.  The  Author. 

Mariette-Bey  (August-e)  Les  Papyrus  Egyptiens  du  Mus^  de  Boulaq, 
publics  en  fae-simile.  Tome  I.  Papyrus  1-9.  fol.  Paris  1871. 

The  Author. 

M^nabr^  (L.  F.)  ^tude  de  Statique  Physique.  4to.  Turin  1868.  Sul 
Prindpio  di  Elastidt^.  8vo.  Torino  1870.  Intomo  ad  uno  Scritto 
del  Sig.  Prof.  Angelo  Genocchi.  4to.  Bmfui  1872.  The  Author. 


136  Presents.  [Jan.  16^ 

Peacock  (S.  A.)  How  a  National  Museum  of  Natural  History  might  be 
built  and  arranged  with  advantage.  Svo.  London  1872.    The  Author. 

Bobertson  (G.)  Eeports  to  the  Government  of  India  on  Indian  Har- 
bours. Aden  and  the  Harbours  of  the  Madras  Presidency,  fol. 
Edinburgh  1871.  The  Author. 

Topley  (W.)  On  the  (Comparative  Agriculture  of  England  and  Wales. 
8vo.  London  1871.  On  the  Agricultural  Geology  of  the  Weald. 
Svo.  1872.     Geology  of  the  Straits  of  Dover.  8vo.  1872. 

The  Author. 


Wind  and  Current  Charts  for  Pacific,  Atlantic,  and  Indian  Oceans,    fol. 
London  1872.  The  Hydrographer  of  the  Admiralty. 


January  16,  1873. 
Transactions. 

Bern  : — Naturforschende  G^sellschaft.     Mittheilungen,  aus  dem  Jahre 

1871.  Nr.  745-91.  8vo.  Bern  1872.  The  Society. 
Breslau  : — Schlesische  Gesellschaft  f Ur  vaterlandische  Cultur.  Abhand- 

lungen.  Abtheilung f iir Naturwissenschaf ten  und  Medidn,  1869-72. 

Philosophisch-historische  Abtheilung,  1871.    Neun-  und  vierzigster 

Jahresbericht.  8vo.  1872.  The  Society. 

Brussels: — ^Acad^mieBoyaledeBelgique.  Bulletin.  41*  Annee.  No. 4-11. 

8vo.    1872.     Centieme  Anniversaire  de  fondation,  1772-1872. 

Tome  I.  roy.  8vo.  1872.  The  Academy. 

Copenhagen  : — Kongelige  Danske  Videnskabemes    Selskab.    Skrifter. 

5  Eeekke.   Naturvidenskabelig  og  Mathematisk.   Afd.  IX.  Bd.  6, 7. 

4to.    KJobenhavn  1S71-72.    Oversigt,  1871.  No.  3;  1872,  No.  1. 

8vo.  The  Society. 

Danzig : — Naturforschende    Gesellschaft.       Schriften,    Neue   Folge. 

Band  III.    Heft  1.    (2  copies,  one  with  photographs.)   roy.  Svo. 

Danzig  1872.  The  Society. 

Leipsic: — Astronomische  Gesellschaft.  Publication  11, 12.  4to.  Leipzig 

1872.  Vierteljahrsschrift.    Jahrgang  VII.  Heft  2-4.  8vo.  1872. 

The  Society. 

London  : — Institution  of  Naval  Architects.     Transactions.  Vol.  XIII. 

4to.  London  1872.  The  Institution. 

Odontological  Society.  Transactions.  Vol.  IV.  No.  8 ;  Vol.  V.  No.  2. 

8vo.  London  1872.  The  Society. 

Moscow : — Soci^t^  Imp^riale  des  Naturalistes.    Bulletin.  Ann^  1872. 

No.  1,  2.  8vo.  Moscou  1872.  The  Society. 


1873.]  Presents.  187 

Beports,  Observations,  &c. 
Allahabad: — ^Report  on  Meteorological  Observations   in  the  North- 
western Provinces  of  India,  by  Murray  Thomson,  1871.  fol.  1872. 

!B.  H.  Scott,  !F.fi.S. 
Oalcntta : — ^Beport  of  the  Meteorological  Eeporter  to  the  Government 
of  Bengal,  by  H.  F.  Blanford.  fol.  1872. 

The  Indian  Gk)vemment. 

London: — ^Meteorological  Office.    Quarterly  Weather  Beport.  1872. 

Ptet  1.  4to.  The  Office. 

Navy  Medical  Department.     Statistical  Beport  on  the  Health  of  the 

Navy  for  1870.  8vo.  1872.  The  Director-General. 

Turin : — ^Begio  Osservatorio  dell'  University.     Supplemento  al  V.  Bol- 

lettino  Annuale  1870.  8vo.  1871.     Bollettino  Meteorologico  ed 

Astronomico.  Anno  VI.  4to.  1872.  The  Obsen'atory. 

TTtredit : — KoninklijkNederlandsch  Meteorologisch  Instituut.    Neder- 

landsch    Meteorologisch    Jaarboek  voor  1868.      Jahrgang  XX. 

Deel  2.  4to.  1872.     Temperatur  van  het  Zeewater  aan  de  Opper- 

vlakte  van  het  G^eelte  van  den  Noorder  Atlantischen  Oceaan. 

Oblong.  1872.  The  Institution. 


Photograph  in  gilt  frame  of  the  Statue  of  Sir  Humphry  Davy,  erected 
at  Penzance.  1872.  W.  J.  Henwood,  F.B.S. 


January  23, 1873. 
Transactions. 

Bordeaux : — Soci^t^  des  Sciences  Physiques  et  Naturelles.    M^moires. 

Tome  I.-Vin.  8vo.  Paris  1865-72.  The  Society. 

Brussels : — Academic  Boyale  de  M^edne.  M^moires  des  Ck)ncour8  et 

des  Savants  l^trangers.  Tome  YII.  fasc.  2.  4to.    BruxeUes  1872. 

Bulletin.  3*  Serie.  Tome  VI.  No.  5-9.  8vo.  1872. 

The  Academy. 
Florence : — B.  Comitate  Q^ologico  d'ltalia.  BoUettino.  No.  3-6, 9-10. 

8vo,  Fireme  1872.  The  Institution. 

Hermannstadt : — Siebenbiirgischer   Verein   fiir  Naturwissenschaften. 

Verhandlungen  und  Mittheilungen.  Jahrgang  XXU.  8vo.  1872. 

The  Society. 
London : — IBlojol  Horticultural  Society.     Journal,  edited  by  the  Bev. 

M.  J.  Berkeley.    New  Series.  Vol.  IH.  Part  11, 12.  8vo.  1873. 

The  Society. 
Paris : — ^Facult^  des  Sciences.    Theses,  par  0.  Descamps,  E.  Bitter, 

K  H.  Amagat,  M.  Ck)mu,  L.  Engel,  G.  Bouchardat,  F.  Cairol, 

Jobert,  G.  Carlet,  S.  Salet,  G.  Boger,  A.  Giard.    No.  332-343. 

4to  A  8vo.  Paris  1873.  The  Faculty. 

TOL.  XXI.  M 


«  

188  Presents.  [Jao.  80^ 

Transactions  (continued). 

Borne  : — Beale  Accademia  del  linceL    Atti.  Tomo  XXV.  Seas.  1-6. 
4to.  1872.  The  Academy. 

Southport : — Literary  and  Philosophical  Society.  Laws.  8yo. 

The  Society. 
Warwick : — ^Warwickshire  Natural  History  and  Archsoological  Society. 
Thirty-sixth  Annual  Eeport.  April  1872.  8vo.  The  Society. 

Warwickshire  Naturalists'  and  Archsdologists'  Held  Club.    Pro- 
ceedings, 1871.  8vo.  The  Club. 


Brodie  (Bev.  P.  B.)  Phosphatic  and  Bone-bed  deposits  in  British 
Strata.  8vo.  Warwick  1872.  The  Author. 

Carpenter  (Dr.  W.  B.),  F.R.S.  On  the  Temperature  and  other  Physical 
Conditions  of  Liland  Seas  in  their  relation  to  Geological  Inquiry. 
8vo.  London  1872.  The  Author. 

Drach  (S.  M.)  Observations  on  Base-Length  of  Great  Pyramid  and 
Eoyal  Coffer's  Dimensions.  8vo.  London  1872.  The  Author. 

Ghimier  (F.)  Voyage  d'Exploration  en  Indo-Chine  effectu^  pendant  les 
Ann^s  1866,  1867,  et  1868,  par  ime  Commission  Frangaise.  2  vols. 
4to.  Pam  1873.  Atlas :  Cartes  et  Plans,  Album  Pittoresque.  2  parts, 
folio.  The  French  Minister  of  Marine. 

Lewis  (T.  B.)  On  a  Haomatozoon  iohabitiag  Human  Blood.  8vo.  Cal- 
cutta 1872.  (With  D.  D.  Cimningham.)  Beport  on  Microscopical 
and  Physiological  Besearches  into  the  Nature  of  the  Agent  or  Agents 
producing  Cholera.  8vo.  Calcutta  1872.  The  Author. 

Serg^ff  (Al.  F.)  Scvemoe  Siyanie  (the  Aurora  Borealis,  an  Investiga- 
tion of  the  Causes  of  that  phenomenon).  8vo.  Tijlis  1872. 

The  Author. 

Vie  et  Travaux  de  Edouard  Lartet.  8vo.  Paris  1872.  The  Family. 

Magnetical  Instructions  for  the  Voyage  of  H.M.S.  *  Challenger,'  Captain 
O.  S.  Nares.  8vo.  London  1872.  Capt.  Evans,  B.N. 

Excursionists'  Map  of  the  Environs  of  London  (on  roller). 

A.  J.  Harvey,  Esq.,P.S.A. 

January  30,  1873. 
Transactions. 

Antwerp : — Congr^s  International  pour  le  progr^s  des  Sciences  Q^ 
graphiques,  Cosmographiques  et  Commerciales.  Comptes  Bendus, 
14-22  Aout  1871.  2  vols.  8vo.  Anvers  1872.  Catalogue  del'Ez- 
position.  8vo.  1871.  The  Congress. 

Batavia : — Bataviaasch  Genootschap  van  Kunsten  en  Wetenschappen. 
Tijdschrift  voor  Indische  Taal-,  Land-  en  Volkenkimde.  Deel  18. 
Afl.3,4;  Deel 20.  Afl.3.  8vo.  1871-72.  Notulenvan deAJgemeene 
enBestuurs-Vergaderingen.  Deel  9. 1871. 8vo.  1872.  Erste  Venrolg. 
Catalogus  der  Bibliotheek.  8vo.  1872.  The  Sodetj* 


1878.]  Presents.  189 

Transactioiis  (earUinued). 
Bremen : — ^Nsturwissenschaftlicher  Yerein.  Abhandlungen.  Band  III. 
Heft  2.  8vo.  1872.  Beilage  No.  2  zu  den  Abhandlungen.  Tar 
bellen  iiber  den  Elacheninhalt  des  Bremisehen  Staat«,  den  Wasser- 
stand  der  Weser  und  die  Witterungsyerhaltnisse  des  Jahres  1871. 
4to.  1872.  The  Society. 

Ghras: — ^NaturwiasenBchaftlicher  Yerein.  Mittheilungen.  Jahrgang 
1872.  8vo.  1872.  The  Society. 

Haarlem : — Sod^t^  Hollandaise  des  Sciences.  Archives  Neerlandaises 
des  Sciences  Exactes  et  Naturelles.  Tome  YII.  liv.  1-3.  8yo. 
La  Haye  1872.  The  Society. 

London : — British  Pharmaceutical  Conference.  Year-Book  of  Phar- 
macy, 1872,  with  the  Transactions  at  the  Ninth  Annual  Meeting 
held  at  Brighton,  August  1872.  8vo.  1872.  The  Conference. 

Yictoria  Institute.  Journal  of  the  Transactions.  Yol.  YI.  No.  22, 23. 
Annual  Address  by  Prof.  J.  Kirk.  8vo.  Landon  1872. 

The  Institute. 
Paris : — ^l^cole  des  Mines.    Annales  des  Mines.   S^rie  7.     Tome  I. 
liv.  2,  3  de  1872 ;  Tome  11.  liv.  4.  8vo.  1872.        The  Institution. 
Soci^t^  de  G^graphie.  Bulletin.  Mai-D^mbre  1872.  8vo. 

The  Society. 

Sod^te  G^logique  de  France.    Bulletin.  2«  s^rie.  Tome  XXYII. 

No.  4;  Tome  XXYIU.  No.  4  (and  Index) ;  Tome  XXIX.  No.  2^. 

.     8vo.  1870-72.  The  Society. 

Switzerland : — Schweizerische  Naturforschende  Gesellschaft.  Yerhand- 

lungen.    54  Jahresversanmilung  in  Frauenfeld.     Jahresbericht 

1871.  8vo.  1872.  The  Society. 


Journals. 
Nautical  Magazdne.    July-December  1872 ;  Jan.  1873.  8vo.    Lcmdxm. 

The  Editor. 

Symons's  Monthly  Meteorological  Magazine.    No.  78-84.  July-Dec. 

1872 ;  Jan.  1873.  8vo.  London.  The  Editor. 


Catalan  (E.)  Memoire  sur  la  Transformation  des  Series.  4to.  Bruxelles 
1865.  Becherches  sm*  les  Surfaces  Gauches.  8vo.  1865.  Sur  les 
Equations  Simultan^es  Homog^nes.  4to.  Rome  1865.  Sur  quelques 
Questions  relatives  aux  Fonctions  Elliptiques.  4to.  1867.  Sur  les 
Nombres  de  Bemouilli  et  d'Euler.  4to.  BraxeUes  1867.  Histoire 
d'un  Concours.  8vo.  Liege  1867.  Memoire  sur  une  Transformation 
G^m^trique.  4to.  Bmxdles  1868.  Eemarques  sin*  TEquation 
^-»1=0.  8vo.  1870.  Sm*  quelques  Sommations  et  Transforma- 
tions  de  Series.  4to.  Eoine  1870.  Sur  im  Article  du  Journal  des 
Savants.  4to.  1871.  Sur  T Equation  de  Eiccati.  8vo.  BruxeUeslSll. 
Note  sur  une  Formule  de  M.  Botesa.  8vo.  1872.  The  Author. 


140  Mr.  G.  Gore  on  some  Properties 

"  On  some  Properties  of  Anhydrous  Liquefied  Ammonia/'     By 
G.  Gore,  F.R.S.     Received  May  15,  1872*. 

To  examine  the  general  solvent  properties  of  anhydrous  liquefied 
ammonia,  and  to  detect  any  manifest  chemical  reactions  between  it  and 
various  substances,  I  employed  precisely  the  same  kind  of  method  as  that 
I  used  in  examining  liquid  cyanogen  (see  Proc.  Boy.  Soc.  vol.  xx.  p.  67). 

It  was  desirable  in  these  experiments  not  to  use  flint-glass  tubes, 
because  the  tenacity  of  that  substance  is  so  feeble  the  tubes  burst  by  the 
pressure  of  the  gutta-percha  stoppers ;  when  such  tubes  were  employed, 
the  mouths  of  them  had  to  be  closed  by  fusion.  The  tubes  require  to  be 
somewhat  stronger  than  those  used  with  liquid  cyanogen,  because  the 
pressure  exerted  by  the  vapour  is  so  much  greater.  The  length  of  the 
horizontal  portion  of  the  tubes  was  7^  inches ;  by  having  this  part  of 
the  tube  very  much  longer,  a  much  lower  degree  of  heat  is  necessary  in 
the  experiments,  and  a  greater  quantity  of  the  liquid  may  be  obtained. 

To  procure  the  anhydrous  liquid,  chloride  of  calcium  was  heated  to 
redness,  reduced  to  fine  powder,  and  perfectly  saturated  with  well-dried 
ammonia  in  a  current  of  that  vapour,  the  flask  containing  the  powder 
being  immersed  in  broken  ice  during  the  latter  part  of  the  process,  and 
occasionally  shaken  to  prevent  formation  of  limips.  During  this  process 
the  powder  evolved  much  heat  and  swelled  considerably.  Every  pre- 
caution was  taken  to  prevent  the  powder  absorbing  moisture  from  the 
atmosphere. 

The  temperature  employed  to  expel  the  vapour  from  the  salt,  with 
tubes  of  the  dimensions  given,  was  much  below  that  of  visible  redness. 
On  allowing  the  tubes  to  become  quite  cold,  the  vapour  was  reabsorbed 
and  the  liquid  disappeared ;  the  pressure  having  also  ceased,  enabled  the 
stopper  to  be  removed  and  the  products  further  examined.  By  this 
means  some  of  the  tubes  could  also  be  employed  for  fresh  substances. 

250  substances,  including  solids  and  liquids,  and  a  great  variety  of 
simple  and  compound  bodies,  were  subjected  to  the  action  of  the  liquefied 
vapour.  Except  when  othenvise  stated,  the  substances  were  in  nearly  all 
cases  as  free  from  moisture  as  it  was  convenient  to  obtain  them ;  never- 
theless in  some  instances  the  effects  were  evidently  due  in  a  slight  degree 
to  traces  of  water.  The  substances  were  also  generally  very  pure,  many 
of  them  having  been  carefully  prepared  by  myself.  The  following  is  a 
statement  of  the  results  : — 

Water  mixed  perfectly  with  the  liquid.  After  the  reabsorption  of  the 
ammonia  by  the  chloride  of  calcium  and  the  tube  had  become  perfectly 
cold,  the  water  had  become  about  twice  its  original  bulk  by  retention  of 
ammonia. 

Iodine  first  liquefied  to  the  appearance  of  thin  treade,  then  entirely 
^    dissolved  to  a  clear  and  slightly  yellow  liquid.     On  evaporation  of  the 

*  Read  June  20,  1872.    See  abfltract,  toI.  xx.  p.  441. 
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ammonia,  reddish-black  crystals  separated,  apparently  consisting  of  un- 
altered iodine.  I  did  not  examine  whether  the  residue  contained  any  of 
the  explosive  compound,  *<  iodide  of  nitrogen."  Iodic  add  did  not  dis- 
solye  or  show  any  change  in  the  liquid. 

Wood-charcoal,  also  Brodie's  intumescent  graphite,  did  not  dissolve  or 
diange.  C^Cl,  would  not  mix  with  the  ammonia;  but  a  little  of  it 
dissolved,  and  the  ammonia  became  sHghtly  brown.  Liquid  C,  Cl^  mixed 
perfectly,  and  after  the  evaporation  of  the  ammonia  it  was  left  behind. 
Solid  C,  CI,  did  not  dissolve  or  suffer  any  change.  Liquid  CQ^  behaved 
like  Cj  Cl^.  Solid  CBr^  *  dissolved  rapidly  and  very  copiously,  and  did 
not  recrystallize  until  nearly  all  the  liquid  had  evaporated. 

Boron  crystals,  boradc  anhydride,  silicon  crystals,  and  precipitated 
silica  were  all  unaffected. 

Sulphur  dissolved  sparingly,  and  formed  a  deeply  coloured  purplish-red 
solution,  and  on  evaporation  of  the^  liquid  a  yellow  film  of  it  was  left. 
Liquid  chloride  of  sulphur  became  dark  red  and  solid  in  the  gas, 
and  purple  in  the  liquid,  apparently  with  chemical  action ;  a  portion  of 
the  solid  dissolved  and  formed  a  deeply  purple  liquid,  on  evaporation  of 
which  the  red  solid  was  left  behind.  Bisulphide  of  carbon  became  yeUow 
and  opaque  in  the  gas,  and  changed  in  the  liquid  to  a  yellow  bulky  solid. 
Selenium  was  unaffected.  Selenious  add  prevented  the  formation  of  the 
liquid,  probably  by  uniting  with  the  ammonia,  but  did  not  enlarge  in 
bulk,  or  show  any  visible  change.     Bright  telluriiun  was  unaffected. 

Bed  phosphorus  showed  no  change.  White  phosphorus  dissolved  to  a 
yellow  liquid,  and  separated  again  on  evaporation  of  the  ammonia. 
Phosphoric  anhydride  contracted  in  bulk  in  the  gas,  dissolved  but  very 
slightly  in  the  liquid,  and  exhibited  no  other  change.  Glacial  phosphoric 
add  was  not  visibly  affected.  Terchloride  of  phosphorus  produced  strong 
chemical  action,  and  fotfded  a  colourless  bulky  solid.  Pentachloride  of 
phosphorus  dissolved  &^y,  and  crystals  formed  on  evaporation  of  the 
liquid. 

Metallic  arsenic  was  unaffected.  Arsenious  anhydride  enlarged  some- 
what in  bulk,  but  did  not  dissqjve.  Arsenic-add  crystals  dissolved  to  a 
very  minute  extent  only.  Terchloride  of  arsenic  was  converted  into  a 
white  solid  with  manifest  chemical  action.  Teriodide  of  arsenic  became 
white  and  swelled  considerably.  Eealgar  became  yellow,  and  partly 
dissolved  to  a  yellow  solution,  which  on  evaporation  left  an  orange-yellow 
residue.  Orpiment  turned  dark  brown  in  the  gas,  and  dissolved  slightly 
in  the  liquid,  producing  a  faintly  yellow  solution,  which  left  a  yellow  film 
on  evaporation. 

Metallic  antimony,  sesquioxide  of  antimony,  and  antimonious  add  were 

not  visibly  affected.    Hydrated  antimonic  add  was  sHghtly  dissolved. 

Fused  fluoride  of  antimony  swelled  very  greatly  in  the  liquid,  but  did  not 

dissolve;  it  retained  its  enlarged  bulk  after  evaporation  of  all  the 

*  GiTen  to  me  by  tho  discoTerers,  Mossn.  Groree  and  Bolas. 
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ammonia.  Crystalline  hydrated  terchloride  of  antimony  swelled  con- 
siderably, but  did  not  dissolve.  Oxycbloride  of  antimony  was  not  TisiUy 
affected.  Terbromide  of  antimony  dissolved  freely.  Oxybromide  of 
antimony  was  very  slightly  dissolved.  Teriodide  of  antimony  became 
yellow  with  apparent  chemical  action,  and  a  portion  dissolved  and  formed 
a  dense  layer  beneath  the  colourless  liquid  ammonia.  Black  and  red 
sesquisulphides  of  antimony  were  not  visibly  affected,  but  each  imparted 
a  faint  purplish-blue  colour  to  the  liquid.  Orange  sulphide  of  antimony 
dissolved  to  some  extent,  forming  an  opaque  brownish-green  solutimi, 
and  separated  again  on  evaporation  of  the  liquid.  Yanadic  add  and 
nitride  of  vanadium  produced  no  visible  effect*.  "  Molybdenum  "  (in  the 
state  of  a  iine  black  powder)  imparted  a  weak  cobalt-blue  colour  to  the 
liquid,  but  did  not  visibly  diminish  in  bulk.  Molybdic  acid  became  quite 
white,  but  did  not  dissolve.  Native  sulphide  of  molybdenum,  ''tung- 
sten "  (in  the  state  of  a  black  powder),  and  tungstic  add  produced  no 
visible  effect. 

MetaUic  bismuth,  hydrated  oxide  of  bismuth,  and  fluoride  of  bismuth 
were  not  visibly  affected.  Chloride  of  bismuth  (not  anhydrous)  swelled 
greatly,  and  dissolved  rather  freely,  but  partly  returned  to  its  original 
bulk  after  the  liquid  had  evaporated.  Carbonate  of  bismuth  and  sulphide 
of  bismuth  were  not  visiblv  altered. 

Metallic  osmium  was  not  visibly  affected.  Osmic  add  was  chemically 
altered,  and  produced  first  a  yellow,  then  a  red,  and  finally  a  brownish- 
black  opaque  mixture,  consisting  of  solid  particles  suspended  in  a  com- 
paratively colourless  liquid :  on  evaporation  of  the  liquid,  the  solid 
substance  remained  behind.  Black  oxide  of  iridium,  also  scales  of  osmi- 
iridium,  produced  no  visible  effect.  Metallic  palladium  was  not  affected. 
Bichloride  of  palladium  became  white,  and  enlarged  in  bulk,  and  slightly 
dissolved  to  a  clear  yellow  liquid ;  the  residue  remained  white  and  of 
enlarged  bulk  after  evaporation  of  the  liquid.  Sulphide  of  palladiiun  was 
unaffected.  Black  oxide  of  platinum  was  not  \isibly  affected.  Bichloride 
of  platinum  became  nearly  white,  and  slightly  dissolved,  forming  a 
slightly  yellow  solution.  Tetrachloride  of  platinum  behaved  like  the 
bichloride.  Tetraiodide  of  platinum  turned  red,  dissolved  freely  to  a 
reddish-yellow  liquid,  crystallized  in  red  needles  on  evaporation  of  the 
solution,  and  finally  left  a  black  residue.  Terchloride  of  gold  was  decom- 
posed, and  the  product  very  slightly  dissolved. 

Bright  silver  was  imaffected.  Oxide  of  silver  swelled  considerably^  but 
did  not  dissolve ;  it  contracted  again  after  evaporation  of  the  liquid. 
Peroxide  of  silver  (formed  by  electrolysis  of  a  pure  solution  of  argentic 
fluoride  with  platinum  electrodes)  became  brown,  and  made  the  liquid 
slightly  yellow,  but  did  not  -visibly  alter  in  bulk.  Argentic  nitrate 
dissolved  freely,  and  on  evaporation  of  the  liquid  long  crystalline  needles 
separated.     Brown  argentic  fluoride  swelled  a  little,  became  somewhat 

♦  Given  to  mo  by  Dr.  Boscoe. 
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white,  dissolved  sparingly,  and  separated  in  needles  on  evaporation. 
CSiloride  of  silver  in  powder  swelled  considerably,  but  did  not  dissolve ;  it 
remained  enlarged  in  bulk  after  evaporation  of  the  liquid.  Fused  argentic 
bromide  lost  its  transparency,  swelled  and  became  white,  dissolved 
slightly,  and  crystallized  on  evaporation.  Argentic  iodide  dissolved 
rapidly  and  freely,  and  formed  a  dense  colourless  solution  which  mixed 
with  the  excess  of  liquefied  ammonia ;  colourless  crystals  separated,  but 
not  until  nearly  all  the  liquid  had  evaporated:  this  salt  is  extremely 
soluble  in  the  liquid.  Argentic  iodate  showed  no  effect.  Carbonate  of 
sUver  turned  dark  brown  and  swelled  considerably,  but  did  not  dissolve, 
and  on  evaporation  of  the  liquid  returned  to  its  original  volume  and 
colour.  Argentic  sulphate  swelled  greatly,  and  disintegrated  to  a  fine 
white  powder,  which  returned  partly  to  its  orignal  bulk  after  evaporation 
of  all  the  liquid.  Phosphate  of  silver  and  argentic  arseniate  were  nearly 
insoluble,  and  su£Eered  no  chemical  change.  Vanadate  of  silver  was 
insoluble. 

Mercury  was  unaffected.  Yellow  mercuric  oxide,  also  red-brown 
mercuric  oxide  (both  obtained  by  precipitation),  did  not  dissolve  or  alter. 
Mercurous  nitrate  turned  black  in  the  gas,  and  dissolved  to  some  extent 
in  the  liquid;  the  residue  left  after  evaporation  of  the  liquid  was  a 
blackish-grey  powder,  apparently  consisting  of  minute  particles  of  metallic 
mercury.  Mercurous  chloride  became  brown  in  the  gas,  and  dissolved 
copiously  to  a  dense  solution  in  the  liquid ;  but  its  solution  would  not  mix 
with  the  excess  of  liquefied  anunonia :  by  evaporation  of  the  ammonia  it 
was  left  in  a  crystalline  state.  Mercuric  chloride  dissolved  freely,  forming 
a  colourless  dense  solution,  which  would  not  mix  or  dissolve  in  the 
sli^test  degree  in  the  excess  of  liquid :  by  evaporation  the  excess  of 
liquid  separated  first,  then  that  containing  the  chloride,  and  left  the  salt 
in  a  crystalline  state.  Mercuric  bromide  fell  to  powder  with  apparent 
chemical  action,  and  dissolved  to  a  small  extent.  Scarlet  mercuric  iodide 
first  became  yellow,  then  dark  brown,  and  dissolved  freely :  on  evapora- 
tion of  the  liquid,  the  salt  separated  in  a  crystalline  state.  Mercuric 
sulphide  was  unaffected.  Anhydrous  mercuric  sulphate  was  very  little 
affected.  Hydrated  mercuric  sulphate  swelled  greatly,  imparted  a  violet 
colour  to  the  liquid,  and  partly  returned  to  its  former  bulk  after 
evaporation  of  the  ammonia. 

Copper  lost  its  brightness,  and  imparted  a  slightly  brown  colour  to  the 
ammonia :  when  nearly  all  the  liquid  had  evaporated,  the  residuary 
portion  was  deep  blue  in  colour.  Copper  filings  produced  no  additional 
effect.  Suboxide  of  copper  was  nearly  insoluble,  and  but  little  affected. 
Protoxide  of  copper  was  also  insoluble  and  unaffected.  White  anhydrous 
capnc  fluoride  became  deep  blue  in  colour,  but  imparted  scarcely  any 
colour  to  the  liquid.  Anhydrous  cupric  chloride  became  deep  blue, 
swelled  greatly,  did  not  dissolve  nor  impart  colour  to  the  liquid.  Cuprous 
iodide  (not  perfectly  anhydrous)  became  partly  green,  and  imparted  a 
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faint  blue  coloiir  to  the  fiqmd,  but  did  not  otherwiae  diasolre.  Gnpric 
earbonate  prodaced  no  effect.  Cupric  snlpbide  vms  snperfiGudly  dumged 
to  a  deep  blue  colour.  Wbite  anhydroos  cupric  sulphate  tamed  deep 
blue  and  sweUed  greatly,  but  did  not  impart  any  cc^nr  to  the  Hqmd ;  it 
femained  enlarged  in  bulk  after  evaporation  of  the  ammonia.  Cupric 
phosphate  produced  no  visible  effect. 

TCickel  filings  were  unaffected.  Anhydrous  oxide  of  nickel  and  hydrated 
oxide  of  nickel  were  also  unaffected.  Fluoride  of  nickel  suffieied  no  great 
visible  change,  and  did  not  dissolve.  Xeariy  anhydrous  chloride  of  nickel 
swelled  and  became  of  a  purphsh-blue  colour,  but  did  not  dissolve : 
after  evaporation  of  the  liquid^  the  salt  remained  enlarged  in  bulk. 

Oxide  of  cobalt,  also  fluoride  of  cobalt,  was  unaffected.  Anhydrous 
chloride  of  cobalt  swelled  to  about  ten  times  its  original  volume  and  fell 
to  powder,  but  was  quite  insoluble ;  it  partly  contracted  in  bulk  again 
on  evaporation  of  the  ammonia,  (\rbonate  of  cobalt  was  unaffected. 
Sulphate  of  cobalt  (not  perfectly  anhydrous)  swelled,  but  did  not  dissolve; 
it  remained  expanded  after  evaporation  of  the  liqnid. 

Electro-deposited  iron  was  unaffected.  Anhydrous  persulphate  of  iron 
absorbed  much  of  the  liquid,  swelled  considerably,  and  showed  signs  of 
decomposition,  but  did  not  dissolve ;  it  remained  enlarged  in  bulk  after 
evaporation  of  the  liquid. 

Metallic  manganese,  fluoride  of  manganese,  chloride  of  manganese,  and 
manganic  sulphate  were  all  unaffected. 

Chromic  acid  turned  yellow,  absorbed  ammonia,  swelled  greatly,  dis- 
solved slightly,  forming  a  yellow  solution,  and  retained  its  enlarged  bulk 
after  evaporation  of  the  liquid.  Solid  green  fluoride  of  chromium  was 
not  affected.  Violet  chloride  of  chromium  swelled  considerably  and 
dissolved  slightly,  forming  a  purplish  solution ;  it  did  not  contract  to  its 
original  bulk  after  evaporation  of  the  liquid.  Chromate  of  silver  turned 
bright  yellow  at  its  edges,  and  nearly  black  m  its  mass,  but  did  not 
dissolve.  Chromate  of  copper  ^^-as  not  dissolved,  but  was  converted 
externally  into  a  substance  ha>iQg  the  colour  of  sesquioxide  of  chromium. 
Metallic  aluminium  was  unaffected.  Yellow  oxide  of  uranium  and  nitrate 
of  uranium  produced  but  little  effect.  Fluoride  of  uranium  was  slightly 
dissolved,  forming  a  yello\^ish  solution. 

Metallic  thallium,  peroxide  of  thalliimi,  and  fluoride  of  thallium  were 
not  visibly  altered.  Bright  metallic  lead  and  red  oxide  of  lead  were 
unaffected.  Nitrate  of  lead  dissolved,  and  was  apparently  partly  deconn 
posed ;  crystals  separated  on  evaporation  of  the  last  portions  only  of  the 
Uquid.  iluorido  of  lead  produced  no  effect.  Chloride  of  lead  swelled 
considerably,  but  did  not  dissolve ;  it  did  not  diminish  in  bulk  on 
evaporation  of  the  liquid.  Iodide  of  lead  turned  white,  dissolved  slightly, 
and  colourless  crystals  were  left  on  evaporation  of  the  liquid.  lodate  of 
lead  produced  no  effect.  Yellow  chromate  of  lead  behaved  in  all  respects 
like  the  iodide. 
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Metallic  tin,  Htannoos  oxide,  and  Btumic  oxide  vere  not  affected. 
Fosed  bkUoride  of  tin  was  partly  disaolTed.  liquid  tetnchloride  of  tio 
wu  fint  conyerted  into  s  solid  substance  vith  strong  chemicit  M^ion  ; 
tlu  solid  then  dissolved  freely,  and  separated  agun  on  evapontioa  of  the 
Uqnid.     Metallic  indinm  was  unaSected. 

Fluoride  of  atdmiam  was  not  affected.  Chloride  of  cadmiain  swdled, 
bat  did  Dot  dUatdve ;  it  contncted  agun  on  evaporation  of  the  liquid. 
Bromide  <d  cadminm  nrelled  somewhat,  but  did  not  dissdve.  Iodide  of 
i-aJminm  swelled  greatly,  oud  absorbed  a  large  quantity  of  ammonia,  but 
did  not  dissolve ;  it  remained  enlai^ed  in  balk  after  evaporation  of  the 
liquid.  Carbonate  of  cadminm  produced  no  effect.  Sulphide  of  cadmium 
was  not  visibly  affected,  but  it  imparted  to  the  liquid  a  faint  cobalt-blue 
ooloor. 

Fluoride  of  sine  produced  no  effect.  Chloride  of  sine  fell  to  powder, 
swelled  greatly,  and  did  not  contract  after  evaporation  of  the  liquid ;  it  did 
not  dissolve.  Bromide  of  sine  and  iodide  of  cine  behaved  like  the  chloride. 

Nitrocyanide  of  titanium,  black  oxide  of  titaniom,  titanic  add,  fir- 
eonium  scales,  oxide  of  orconium,  sulphate  of  thorinnm,  glndna,  chloride 
of  gludnum,  carbonate  of  glucinuia,  solphate  of  gluciniini,  sulphate  of 
lanthangm,  and  niotnc  add  produced  no  visible  effect. 

Oxide  of  cerium  and  fluoride  of  cerium  were  unaffected.  Nitrate  of 
e^um  dissolved  sli^tly.  Chloride  of  cerium  swelled  slightly,  but  did 
not  dissolve.  Metallic  magneriom  was  unaffected.  Baaic  chloride  of 
magnesium  dissolved  sli^tly. 

Metallic  caldnm  became  covered  with  an  insoluble  white  powder,  but 
did  not  dissolve  nor  exhibit  any  other  effect.  Fused  chloride  of  caldum 
fdl  to  powder,  swelled  greatly,  bat  did  not  dissolve.  Bromide  of  caldum 
■welled  a  littie,  but  did  not  dissolve.  Metallic  Btrontiuin  behaved  like 
lyl"!™!.  Metallic  barium  lost  its  metallic  appearance,  but  showed  no 
■igns  of  solution  or  other  effect.  Caustic  anhydrous  baryta  was  unaffected. 
Nitrate  of  barium  dissolved  freely,  and  cryBtallized  on  evaporation  of  the 
liquid.  Chloride  cl  barium  swelled  considerably,  but  did  not  diagolve ;  it 
rammied  enlarged  in  bulk  after  evaporation  of  the  liquid.  Baric  sulphate 
waa  not  visibly  affected. 

Metallic  lithium  produced  strong  action,  and  formed  a  deep  indigo-blne 
coloured  fluid :  as  the  liquid  evaporated  the  metal  separated,  and  ex- 
hiUted  Baocessive  colours,  first  that  of  bronze,  then  of  brass,  and  ulti- 
mately colourlees  and  brilliant  like  silver.  Metallic  sodium  swelled,  and 
then  behaved  very  much  like  Uthium.  Chloride  of  sodium  dissolved 
sparingly,  and  did  not  enlarge  in  bulk.  Metallic  potassium  behaved  like 
lithium  and  sodium*.     Nitrate  of  potassium  was  soluble,  but  not  freely 

*  Ulan  KMilts  ■grea  with  IhoM  prarioiulj  obtained  b;  C.  A.  Saely  (Me  ■  Cbemical 
Ilavs,'ToLxziii.p.  10D).  SmI;  fotuid  lithium.  lodiuDi,  potaniam,  and  rabidinin  Mdnbls, 
and  nMrcDrj,  copper,  Uulliiun,  indium,  Alaminiiuii,  end  magneeiDm  maoluble  in  aaby- 
dioni  liquid  —■"«"''« 
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80.  Fluoride  of  potassium  was  very  slightlj  soluble.  Chloride  of  potas- 
sium was  not  visibly  affected.  Potassic  bromide  dissolved  sparingly,  and 
crystallized  on  evaporation  of  the  liquid.  Iodide  of  potassium  was  freely 
soluble.  SiKco-fluoride  of  potassium  was  insoluble.  Chloriridiate  oi 
potassium  crystals  were  superficially  changed  to  a  brown  colour,  but  did 
not  dissolve.  Permanganate  of  potassium  dissolved  very  freely  to  a  deep 
purple-red  solution,  and  was  left  behind  on  evaporation  of  the  liquid. 
Chromate  of  potassium  dissolved  to  a  minute  extent.  Potassic  bichromate 
dissolved  somewhat,  and  formed  a  yellow  solution.  Chrome-alum  was 
only  superficially  changed.  !Fluo2drconate  of  potassium  was  not  visibly 
affected.  Metallic  rubidium  behaved  like  sodium  and  potassium.  Fluoride 
of  rubidium  was  insoluble. 

Nitrate  of  ammonium  dissolved  very  freely.  Chloride  of  ammonium 
also  dissolved  very  freely,  and  did  not  crystallize  until  nearly  all  the 
liquid  had  evaporated.  Carbonate  of  ammonium,  ammonium  vanadate, 
and  ammonium  metavanadate  produced  no  visible  effect. 

Uric  acid  and  paracyanogen  were  unaffected.  Argentic  cyanide  dis- 
solved very  freely  and  rapidly,  and  crystallized  in  scales  on  evaporation  of 
the  liquid.  Cyanide  of  mercury  dissolved  freely,  and  crystallized  only  on 
evaporation  of  the  last  portions  of  the  liquid.  Cupric  cyanide  turned 
deep  blue,  and  dissolved  to  some  extent.  Cupric  ferrocyanide  was 
converted  into  a  dark  green  solid.  Cyanide  of  zinc  was  very  little 
affected.  Potassic  cyanide  was  insoluble.  Potassic  sulphocyanide  dis- 
solved to  some  extent.  Ferrocyanide  of  potassium  produced  no  effect. 
Fusel-oil,  ether,  alcohol,  aldehyde,  and  chloroform  mixed  freely  and 
perfectly.  Alloxan  became  of  a  deep  purple-red  colour,  and  dissolved 
freely,  and  left  a  purple-red  solid  after  evaporation  of  the  liquid. 
Succinic  add  was  insoluble.  Indigo  dissolved  sparingly,  and  formed  a 
reddish-brown  solution.  Sulphate  of  quinine  dissolved  to  some  extent. 
Gutta  percha  imparted  a  brown  colour  to  the  liquid,  and  a  sticky  residue 
was  left  on  evaporation.  Paraffin,  anthracene,  and  naphthalin  were  not 
visibly  affected.  Amylene  would  not  mix  with  the  liquid.  Mesitylene . 
behaved  similarly.  Starch  swelled  and  mixed  as  it  does  with  water,  but' 
did  not  form  a  clear  solution.  Glycerine  mixed  perfectly.  White  sugar 
dissolved  freely,  and  left  a  gummy  residue  on  evaporation  of  the  liquid. 
Isinglass  rapidly  became  semifluid.  Camphor  dissolved  copiously,  and 
crystallized  when  the  liquid  evaporated.  Gum-copal  dissolved  only  to  a 
minute  extent.  Gun-cotton  dissolved  spanngly,  and  the  solution  left  a 
film  on  evaporation.    Bengal  sOk  was  quite  insoluble. 

A  few  experiments  were  made  for  the  purpose  of  examining  the 
chemical  properties  of  the  solution  of  potassium  by  placing  other  sub- 
stances ioside  the  tubes  with  that  metal,  and  then  distilling  the  ammonia 
into  contact  with  them.  C^  Cl^  prevented  the  production  of  the  blue 
colour.  C,  Cl^  produced  chemiod  action,  and  prevented  the  blue  colour ; 
e  residue  was  a  white  solid,  exhibiting  no  signs  of  free  carbon.    CBr^ 
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amsed  strong  chemical  action,  Bparks  and  fl&Bhes  of  light,  the  formation 
of  a  coloorlesa  salt,  and  prevented  the  blue  colour,  and  finally  produced  a 
violent  detonation,  by  which  the  whole  of  the  tube  was  shattered  to  small 
particles.  Anhydroua  carbonate  of  sodimn  caused  the  blue  colour  fint 
produced  to  gradually  disappear;  the  residue  was  quite  colourless,  and 
entirely  K^uble  in  water.  Anhydrous  formiate  of  soda  produced  similar 
effects.  Crystals  of  oxalate  of  ammonia  produced  chemical  action,  de- 
stroyed the  blue  colour  first  produced,  and  left  a  colourless  residue  which 
contained  no  free  carbon.  Seequioxide  of  chromium  did  not  prevent  the 
blue  colour,  nor  show  any  signs  of  reduction  or  other  chemical  change. 
Sesquioxide  of  uranium  prevented  the  permanency  of  the  blue  colour. 

I  have  not  spedaUy  classified  the  results  of  these  experiments,  bat  may 
remark  that  the  only  elementary  substancee  soluble  in  anhydrous  am- 
monia are  the  alkali  metals  proper,  also  iodine  (bromine  was  not  tried), 
sulphur,  and  phosphorus.  The  more  commonly  soluble  inorganic  salts 
are  nitrates,  chlorides,  bromides,  and  iodides ;  whilst  oxides,  fluorides, 
carbonates,  sulphides,  and  sulphates  were  very  generally  insoluble.  Many 
aaline  substances,  especially  certain  chlorides,  bromides,  iodides,  and 
sulphates,  absorbed  ammonia  copiously,  and  swelled  greatly,  but  did  not 
dissolve.    The  behaviour  of  the  chlorides  of  mercury  was  peculiar. 

In  miuiy  of  these  experiments  chemical  changes  took  place,  and  new 
products  were  formed ;  but  I  did  not  analyze  those  products,  because  that 
was  not  my  object :  these  chemical  reactions  offer  a  field  for  future 
iiiTestigators.  The  sulphides  of  antimony  and  cadmium,  and  the  sulphate? 
of  meKoxj  and  manganese,  imparted  a  purple  tint  to  the  liquid ;  sulphur 
behaved  similarly. 
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and  specific  forms,  I  deem  to  be  of  great  importance  in  our  speculations 
on  the  pedigree  of  Hying  Ungulata  Paridigitata. 

On  theoretical  grounds,  as  well  as  from  the  consideration  of  mdimental 
parts  in  li\'ing  Paridigitata,  anatomists  have  always  supposed  that  fossil 
representatives  of  this  f  amilj,  which  could  be  regarded  as  the  progenitors 
of  the  recent  Paridigitata,  would  certainly  exhibit  a  much  less  reduced 
skeleton  and  a  more  complete  number  of  digits  than  the  recent  genera 
do.  Yet,  strange  to  say,  such  complete  forms  were  not  forthcoming, 
and,  iF  assumed  on  the  evidence  of  their  teeth,  very  little  was  known  about 
the  structure  of  their  bony  frame.  My  statement  will  sound  like  an 
exaggeration ;  but  still  it  is  true,  that  since  the  time  of  Cuvier,  who 
shortly  noticed  the  tetradactyle  Dichohune^  and  BlainviUe,  who  gave  a  very 
imperfect  description  of  Cainotherium,  we  have  absolutely  not  a  single 
paper  in  which  the  osteology  of  an  extinct  genus  of  Paridigitata  has  been 
fully  given  *.  This  may  partly  be  the  reason  that  the  pedigree  of  living 
genera  has  hitherto  been  so  obscure. 

The  Paridigitata  of  the  Paris  gypsum,  described  in  a  masterly  way  by 
Cuvier  (the  Anoplothttnum  and  Xiphodon),  were  clearly  extremely  reduced 
descendants  of  some  earlier  more  complete  forms ;  their  feet  presented, 
in  fact,  nearly  the  same  degree  of  reduction  which  we  find  in  our  recent 
Buminantia,  save  the  confluence  in  a  cannonbone.  Seeing  the  reduced 
state  of  their  skeleton,  how  could  they  be  taken  as  progenitors  of  the  very 
rich  family  of  Ruminants,  some  of  which  have  retained,  even  till  our 
times,  a  tetradactyle  limb  ?  However,  so  great  was  the  want  of  some 
form  from  which  the  living  Euminantia  could  be  assumed  to  be  derived, 
that  nearly  all  comparative  anatomists  and  palsBontologists  who  speculated 
on  these  questions  of  descent,  placed  the  AnoplotJierium  and  Xiphodon 
at  the  head  of  the  series,  as  the  foiis  H  oru/o  wherefrom  aU  living  fiumi- 
nantia  have  descended. 

The  present  paper  is  an  attempt  to  introduce  to  paheontologists  a  new 
form,  which,  though  kuo^^'n  by  its  dental  system  more  than  twenty-five 
years  ago.  has  remained  totally  unknown,  so  far  as  its  skeleton  is  con- 
cerned. This  skeleton,  by  its  completeness,  has  proved  to  be  a  very  inter- 
esting one,  not  only  in  a  concrete  way,  but  as  furnishing  a  clue  to  the 
understanding  of  the  skeletons  of  those  forms  which,  though  totally  un- 
kno\^Ti,  must  have  preceded  Anoploiherium  and  Xiphodon  in  time,  and  from 
which  these  two  may  have  descended. 

Besides,  the  greater  importance  of  the  Ht/opotamidce  in  comparison  with 
Anophth^rium  and  XipJiodon  lies  in  the  fact,  that,  while  these  two  last 
were  but  poorly  differentiated,  presenting  only  two  or  three  distinct  spe- 
cific forms,  the  Ifyopotamid<By  on  the  contrary,  strike  us  by  the  extreme 
diversity  and  richness  of  their  specific  and  generic  forms.    Beginning 

*  No  doubt  we  have  excellent  memoirs,  like  the  works  of  Gaudrj,  Butimejer,  PVaat, 
and  H.  t.  Mejer ;  but  the  Paridigitata  described  in  all  these  do  not  materiallj  difltar 
•from  thoi«  now  liring.  at  least  eo  far  as  the  skeleton  is  concerned. 


1873.]  Oiteoiogy  of  the  Hyopotamidse.  149 

in  the  Middle  or  Lower  Eocene  of  Mauremont,  they  existed  until  the 
Lower  Miocene  period;  and  judging  by  the  great  number  of  specdea 
and  genera,  they  must  have  filled  in  the  fauna  of  this  period  the  same 
important  place  which  the  greatly  diversified  Buminantia  fill  in  the  fauna 
of  our  own  times.  Indeed  the  differentiation  of  Hyopotamidcf  Taa,y  be 
said  to  be  even  greater,  in  point  of  size,  as  they  range  from  the  Hyopota- 
mMi  Benevieri,  not  larger  than  a  rabbit,  to  the  great  Aathraeotiterium  of 
Bochette,  which  is  m  big  aa  our  Hippopotamus — all  the  intermediate  stages 
between  these  two  extremes  being  represented  by  difEerent  genera,  sub- 
genera, and  species  of  the  same  family. 

I  hope  that  the  rich  dcTelopment  of  this  much  neglected  Aunily  will 
arooae  the  attention  of  paheontologists,  and  that  the  skeletons  of  the  dif- 
ferent members  will  be  more  thoroughly  investigated.  For  my  own  part, 
though  fully  convinced  that  many  of  the  Eocene  Hyopotamidm  from 
Mauremont  and  Egerfcingen  present,  even  in  their  teeth,  characters 
enongh  to  separate  them  into  distinct  genera,  I  shall  not  do  this,  as  the 
multiplication  of  fossil  genera,  founded  solely  on  dental  characters,  with- 
out adequate  knowledge  of  the  skeleton,  is  more  an  obstruction  than  a 
help  to  the  progress  of  palteontology. 

This  refers  to  the  Eocene  Hyi^tamida  of  Mauremont  and  Egerklngen ; 
for  having  found  that  among  the  Eocene  members  of  this  family  there  is  one 
i^ch  has  lost  its  lateral  digits  and  acquired  a  didactyle  foot,  very  like  an 
Atu^hfherivm,  I  was  obliged  to  separate  this  reduced  form  from  its  tetra- 
dadyle  cqngeners  under  the  name  of  DipU>pus  (double  foot),  while  the 
tetradactyle  species  of  the  same  family  will  form  the  genus  Byopotamus, 
This  diversity  among  the  representatives  of  the  same  family  is  very  iuter- 
estiDg ;  something  of  the  same  kind  is,  however,  to  be  found  in  our  own 
timee  in  the  HyoTnotckat,  subsisting  side  by  side  with  the  more  reduced  ru- 
minants, though  this  is  not  au  entirely  parallel  case.  Moreover,  as  we  have 
in  the  Hyopotamida,  so  to  say,  father  and  son  existing  together  (the  com- 
plete form  together  with  the  reduced),  and  aa,  beftidea,  this  son  bears  a 
great  likeness  in  the  typical  structure  of  hia  limbs  to  the  Anoplolherium, 
we  may  infer  that  the  fathers  of  both  reduced  forma  bore  also  a  general 
likeness ;  and  this  gives  ua  a  clue  to  the  skeletons  of  the  ancestors  of 
the  Anophiktr^dix,  which  is  still  further  strengthened  by  many  other 
considerations,  of  which  I  apeak  more  fuDy  in  my  paper. 

Whilst  trying  to  gain  a  more  complete  knowledge  of  the  skeleton 
of  the  extinct  Paridigitata,  1  became  convinced  that  we  must  make 
some  change  in  our  Eoological  classification  of  the  Ungulata  in  order  to 
admit  the  great  quantity  of  genera  which  have  no  place  in  the  pre- 
sent system.  After  the  breaking  up  of  the  Pachydermata  (a  name 
that  has  long  enough  obstructed  science  and  really  checked  progress  by 
holding  together  the  most  heterc^^eous  assemblage  of  animal  forms),  all 
the  Foridigitata  came  to  be  divided  into  Suina  and  Euminantia.  This  in- 
troducticKi  of  a  physiological  function  into  a  system  based  on  the  struts 

o2 


150 


Dr.  W.  Kowalevsky  on  the 


[Feb.  6, 


tnre  of  the  skeleton  is  objectionable  in  the  highest  degree ;  besides,  in 
this  classification  there  is  no  room  for  those  fossil  genera  which  are  cer- 
tainly not  Suina,  and  most  probably  did  not  ruminate.  The  greater  t^e 
number  of  such  genera,  the  better  their  organization  and  history  are  known, 
the  more  pressing  the  necessity  to  give  them  some  adequate  place  in  our 
zoological  system.  As  an  instance  that  such  a  necessityis  keenly  felt,  we  may 
cite  Professor  Leidy,  who,  in  describing  the  OreodonticUg,  AgrioehoeridoB,  Ac. 
of  Nebraska,  says  that  they  were  "  ruminating  hogs ;"  but  in  reality  they 
were  not  hogs  at  all,  and  most  probably  did  not  ruminate ;  what  is,  then,  to 
be  done  with  them  ? 

The  introduction  of  Professor  Owen's*  strict  division  between  P^di- 
gitata  and  Imparidigitata  was  a  great  gain  to  science ;  it  radically  sepa- 
rated two  groups  that  previously  were  always  hopelessly  mixed  together ; 
but  now  the  same  principle  must  be  carried  further.  The  separation  of  the 
two  groups  of  Paridigitata  and  Imparidigitata  took  place  in  very  ancient 
time,  not  nearer  than  the  Cretaceous  period,  and  the  striking  diversity 
exhibited  by  both  groups  from  the  lowest  Eocene  is  a  proof  of  their  ancient 
separation.  But  one  of  the  branches,  the  Paridigitata,  in  its  turn,  split 
very  anciently  again  into  two  distinct  groups,  one  with  tubercular,  the 
other  with  crescentic  teeth.  This  occurred  at  nearest  in  the  Lower  Eocene, 
perhaps  even  in  the  Cretaceous  period.  These  groups,  once  separated, 
kept  entirely  apart  and  followed  different  lines  of  descent,  although  the 
modifications  which  both  undergo  along  the  descending  lines  are  parallel 
and  analogous  even  to  the  greatest  details.  Following  these  two  divergent 
lines  of  descent,  both  groups  culminate  in  the  recent  fauna  in  such  forms 
as  the  Phacochosrus  and  Dicotylea  for  one  group,  and  the  BovidcB  for  the  other. 


Lower  CreUceoiu  Ung^ulaU. 


Paridigitata. 


Imparidigitata. 


o 

Parid.  with 
tuberc  teeth. 


o 

Parid.  with 
creaceotic  teeth. 


Links  between  them  we  discover  none ;  and  to  discover  their  parentage, 
we  must  pass  along  the  ascending  lines  to  the  point  at  which  they  diverge,  as 
the  linking  genera,  which  doubtless  existed  at  the  time  of  separation,  are  long 
ago  extinct,  and  both  groups  are  now  widely  separated.  I  suggested 
this  view,  whilst  studyiug  in  the  British  Museum  the  remains  of  JSTyopoto- 
midcB,  to  Professor  Owen,  and  he  finds  no  objection  to  it.  He  aided  me 
*  Proposed  before  him  by  French  anatomiflts,  but  neyer  carried  out  oompletefy. 
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in  finding  for  the  two  groups  convenient  names ;  and  by  his  suggestion  I 
should  call  the  ParidigLtata  with  crescentic  teeth  Par,  selenadonta,  and 
those  with  tubercular  teeth  Par.  bunodorUa^ 

To  the  first  group  would  belong  all  the  ancient  and  living  Paridigitativ^ 
having  crescentic  teeth,  as  the  Anoploiheriuniy  Xiphodon,  Dichobune,  An- 
ihraeaiheriumf  Boihriodon,  ffyopotamus,  Bhagaiherium^  and  the  living  Bu- 

The  9$o(md  would  embrace  all  the  Suina,  Hippopotamina,  and  EnUlodon, 
Each  one  of  these  two  groups  may  be  again  subdivided  on  the  prin- 
ciples adopted  in  this  paper. 

By  such  division,  we  shall  gain  the  advantage  of  having  the  Paridigitata 
arranged  into  two  distinct  lines  of  descent ;  every  new  discovered  form 
will  at  once  have  its  place  along  one  of  the  lines,  and  the  true  pedigree  of 
both  will  be  ascertained  much  sooner  and  with  greater  accuracy.  Whilst 
now  T^ftlnng  no  such  clear  division,  palsBontologists,  in  projecting  their 
geneal(^cal  tables,  mix  both  groups  together;  and,  according  to  the 
need  of  the  moment,  they  place  forms  belonging  to  one  line  of  descent 
in  the  other,  and  \nce  versd.  Thus,  for  instance,  all  the  Hyopotamoids 
and  JMthraa>(her%um  are  constantly  moved  about  from  one  line  to  the 
other  *,  while  their  true  place  is  along  the  line  of  Selenodont  Paridigitata; 
and  they  have  nothing  to  do  with  the  Bunodont  Suina,  although  groups 
quite  parallel  with  them  may  be  found  on  the  descending  line  of  Bunodont 
Paridigitata.     Such  parallelism,  however,  does  not  imply  direct  links 

DiTergence  of  Selenodont 
and  Bunodont  Paridigitata. 

D 


D D 

Dicotyld.  Hyomoichus. 

along  parallels  drawn  across  both  diverging  and  descending  lines ;  the 
links  are  to  be  found  only  by  climbing  along  the  ascending  lines  to  near 
the  point  of  separation.  For  instance,  Dieotyles  and  Hyomoschtis  occupy 
analogous  positions ;  but  there  is  no  link  between  them  along  the  dotted 
parallel.  Links  will  be  found  only  by  going  up  to  the  point  near  their 
separation. 

There  are,  no  doubt,  to  be  found  around  the  points  of  divergence  many 
forms  of  which  it  is  difficult  to  say  whether  their  teeth  are  tubercular  or 

*  In  faet  deieribed  constantlj  as  SuinA.    See  QenraiB, '  Faltontologie  de  France.' 
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crescentic,  so  thick  are  the  lobes  ;  but  once  this  uncertain  stage  is  passed, 
both  groups  keep  unmistakably  distinct. 

Having  once  become  convinced  that  these  two  groups  of  crescent-toothed 
and  tubercular-toothed  Paridigitata,  after  branching  off  from  a  common 
progenitor  in  the  early  Eocene  (perhaps  the  Cretaceous)  period,  followed 
diverging  lines  of  descent,  never  mixing  together,  I  tried  to  ascertain  ac- 
curately, by  such  data  as  were  furnished  by  fossil  remains  and  by  lawful 
induction,  what  are  the  exact  modifications  of  the  skeleton  exhibited  by 
each  group  along  the  ascending  and  descending  lines.  As  these  modifica- 
tions were  most  clearly  given  by  greater  or  less  reduction  of  the  manus  and 
pes,  I  subjected  these  to  a  detailed  comparison. 

In  tracing  the  Paridigitata  in  time,  we  cannot  mistake  the  tendency 
clearly  manifested  by  them  to  a  gradual  reduction  of  the  manus  and  pes 
in  such  a  way  that  each  descendant  is  always  somewhat  more  reduced 
than  its  immediate  predecessor.  The  limbs  in  the  Ungulata  serving  only 
for  the  support  of  the  body,  and  not  for  prehension,  the  organism  seems 
to  derive  a  great  advantage  from  their  reduction  and  simplification. 

By  a  comparative  study  of  the  least  reduced  representatives  on  both 
lines,  I  tried  to  ascertain  the  probable  structure  of  the  manus  and  pes  in 
the  progenitor  that  has  given  rise  to  both  groups,  or  to  the  whole  assem- 
blage of  Ungulata ;  and  this  led  me  to  construct  a  typical  manus  and 
pes.  On  the  correctness  of  this  scheme  we  may  to  a  certain  extent  rely, 
as  it  is  exhibited  in  nearly  all  its  details  by  the  living  Hippopotamus,  the 
most  complet<e  form  of  the  living,  and  by  the  Hyopotamus  and  Antkri^oO' 
therium,  the  most  complete  of  the  extinct,  Paridigitata.  Though  such  typical 
foot  may  be  supposed  to  have  been  pentadactyle,  still,  as  not  a  single 
living  or  fossil  form  has  ever  shown  a  trace  or  a  rudiment  *  of  the  first 
digit  (still  less  this  first  digit  in  a  developed  state),  I  thought  it  more 
convenient  to  adhere  to  facts,  and  give  the  foot  as  it  is  found  in  the  most 
complete  t3rpes,  the  first  digit  being  always  lost,  and  its  carpal  and  tarsal 
bone  helping  to  support  the  second  digit.  This  fundamental  typical 
structure  of  the  manus  and  pes  may  be  stated,  in  a  few  words,  to  be  as 
follows : — 

Supposing  the  foot  to  be  pentadactyle,  the  two  outer  digits  (the  fourth 
and  fifth)  are  always  supported  in  the  manus  and  pes  by  one  single  bone 
— -the  unciform  in  the  manus,  the  cuboid  in  the  pes ;  the  three  succeeding 
inner  digits  are  supported  each  by  a  separate  bone — the  third,  second, 
and  first  cuneiform  in  the  pes,  and  the  os  magnum,  trapezoideum,  and 
trapezium  in  the  manus.  Besides,  in  the  manus,  the  thvrd  digit,  being 
supported  by  the  magnum,  also  touches  the  unciform  by  a  small  ulnar 
projection,  and  the  second,  supported  by  the  trapezoides,  goes  to  touch  the 

*  Prof.  Huxley  noticed  this  abflenoe  of  rudiments  of  the  first  digit  in  his  Amdrenuj 
Address  of  1870  (Quart.  Joum.  G^l.  Soo.).  Such  rudiments  of  the  first  digit,-  deioribed 
in  many  cases,  haye  proyed  always,  on  examination,  to  have  been  mistaken,  thetrapesiam 
>r  the  first  cuneiform  being  taken  as  the  rudiment  of  the  first  digit 
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OB  magniiTn ;  the  second  digit  of  the  pes  is  supported  by  the  second  cunei- 
fonn,  and  by  its  fibular  projection  is  connected  with  the  third  cuneiform. 
The  first  digit  is  lost  in  all  Ungulata,  and  its  typical  bone,  the  trapezium, 
or  first  cuneiform,  helps  to  support  the  second  digit. 

Diagram  of  a  Typical  Foot  in  Ungulata  Paridigitata. 
Manus.  Pes. 


V. 


IV. 


in. 


II. 


Cuboid. 

Cund- 
fonn  3.  > 

\ 

Cunei- 
forms. 

/ 

Cunei- 
^  form  I. 

V. 

IV. 

III. 

' 

II. 

( 

Beginning  from  this  typical  structure  of  the  manus  and  pes,  which  was 
probably  exhibited  by  the  progenitors  of  the  Paridigitata,  we  may  fol- 
low its  gradual  reduction  along  both  lines  of  descent  in  the  crescent- 
toothed  (Selenodont)  and  tubercular-toothed  (Bunodont)  Paridigitata. 
Both  lines  present  a  series  of  parallel  modifications,  and  the  parallelism  is 
often  carried  to  the  minutest  details.  The  only  difference  is,  that  along 
the  crescent-toothed  line  (SelenocUnUa)  the  reduction  is  proceeding  at  a 
much  quicker  rate  than  along  the  tubercular-toothed  (Bunodanta).  The  rea- 
son of  this  may  consist  perhaps  in  the  commencing  &culty  of  rumination 
in  the  former  group,  which  &culty  gave  it  an  immense  advantage  over  the 
latter.  Por  the  comparative  anatomist  this  slow  rate  of  change  in  the 
Suina  is  exceedingly  welcome,  as  it  brings  the  modification  of  the  Suil- 
line  foot  to  our  own  time,  and  allows  us  to  discover  all  the  intermediate 
stages  of  modification,  which,  being  passed  over  very  rapidly,  and  in 
ancient  periods,  by  the  crescent-toothed  group,  have  left  none  or  but  few 
traces  of  their  existence. 

By  the  reduction  of  the  foot  in  Paridigitata,  I  simply  mean  that  the 
function  of  locomotion  which  has  been  performed  primitively  by  all  the 
four  (or  five)  digits  begins  to  be  carried  on  chiefiy  by  the  middle  two,  the 
lateral  digits  undergoing  a  gradual  decrease.  This,  as  I  have  said  before, 
seems  to  be  of  great  advantage  to  the  organism,  and  is  manifested  by 
all  descending  lines  of  Ungulata. 

In  trying  to  ascertain  the  exact  method  of  this  reduction  and  its  final 
results  in  recent  and  fossil  genera,  we  come  to  very  interesting  facts  that 
have  not  been  duly  noticed  before,  and  which  furnish  us  with  the  expla- 
nation of  the  presence  of  so  many  very  reduced  forms  even  in  old  Eocene 
and  Miocene  deporits.  In  both  groups,  the  crescent-toothed  (Selenodonta) 
and  the  tubercidar-toothed  Paridi^tata  (Bunodcnia\  we  meet  with  a  two- 
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fold  mode  of  reduction  of  the  manus  and  pes, — a  simple  atinada^vt,  and 
UL  elaborate  or  adajptive  mode. 

Following  the  first  or  inadapixvi  mode  of  reduction,  the  foot,  Trhilst 
losing  its  lateral  digits,  acquires  no  better  adaptation  to  altered  con- 
ditions of  locomotion  and  support  of  the  body  than  that  which  is  de- 
rived from  the  mere  thickening  of  the  remaning  digits.  The  rela- 
tioD  between  the  carpal  and  tarsal  bones  and  the  remaning  two  middle 
metacarpals  and  metatarsals  remains  just  the  same  as  it  was  in  the 
tetradactjrle  ancestor.  The  remaining  digits  do  not  exhibit  an;  modifi- 
cation by  which  they  receive  more  ample  support  from  the  carpal 
and  tttrsal  bones,  by  taking  the  place  formerly  occupied  by  the  now  re- 
duced and  loet  lat^al  digits.  This  mode  of  reduction  I  call  irmiap&at, 
or  reductioa  in  which  inheritance  it  stronger  Aan  modifieation.  As  an 
instance  of  this  inadaptive  mode  of  reduction,  I  may  pcont  out  the  foot  of 
•Aitoplotheriuim  and  Xiphothn.     The  annexed  diagram  clearly  illustntes 
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this  mode  of  reductioii.  The  fourth  digit  does  not  even  take  the  whole  of 
the  unciform,  and  a  part  of  this  bone  is  still  occupied  by  the  useless 
rudiment  of  the  fifth  digit ;  the  third  has  not  extended  over  the  whole 
06  magnimi;  and  the  useless  rudiment  of  the  second  digit  occupies 
its  typical  place  on  the  trapezoid,  touching  the  os  magnum,  and  being 
additionally  supported  by  the  trapezium. 

Following  the  second  or  adaptive  mode  of  reduction,  the  middle  digits 
grow  larger  and  thicker  than  in  the  first  mode ;  but  whilst  broadening 
transversally  they  do  not  adhere  to  the  ancestral  pattern,  but  tend  to 
gain  a  better  support  on  ctU  the  bones  of  the  carpus  and  tarsus ;  they  de- 
viate from  the  ancestral  type,  push  the  lateral  digits  (while  these  are  yet 
completely  deyeloped)  to  the  side,  and  usurp  their  typical  carpal  and  tarsal 
bones  for  their  (the  middle  digits)  own  use,  thus  gaining  a  better  and 
more  complete  support  for  the  body.  The  lateral  digits,  deprived  of 
their  typical  carpal  and  tarsal  bones,  and  taking  henceforth  no  active  part 
in  locomotion,  tend  to  disappear ;  and  every  millimetre  that  is  lost  by  the 
lateral  digits  is  immediately  taken  possession  of  by  the  enlarged  middle 
ones;  so  that  even  before  the  entire  disappearance  of  the  lateral  digits  the 
two  middle  digits  haye  usurped  the  whole  of  the  distal  surface  of  the  carpus 
and  tarsus,  the  fourth  digit  has  spread  over  the  whole  unciform  (manus) 
and  cuboid  (pes),  'and  the  third  has  taken  possession  of  the  trapezoid 
(manus)  and  second  cuneiform  (pes).  This  once  attained,  the  two  middle 
digits,  being  pressed  from  both  sides  by  the  carpal  and  tarsal  bones, 
begin  to  coalesce,  forming  the  so-called  cannon  of  the  recent  Euminantia, 
or  of  the  hind  foot  of  DicotyUs,  This  mode  of  reduction  I  call  the  adaptive^ 
or  reduction  in  which  such  modification  keeps  pace  with  inheritance. 

As  an  instanoe  of  this  mode,  I  may  dte  the  foot  of  Sua,  DicotyUs, 
Hyomosckas^  Buminantia.  Every  anatomist  will  acknowledge  that  this 
second  mode  of  reduction  is  much  more  useful  to  the  organism  than  the 
first. 

If  we  inquire  further  what  are  the  genera  which  follow  the  first  or 
inadaptive  mode  of  reduction,  we  find  that  dU  extinct  genera  of  Paridigitata 
follow  it,  while  all  living  *  genera  follow  the  second  or  adaptive  mode  of 
reduction. 

This  being  the  state  of  the  case,  the  questione  arise,  Did  they  not  be- 
come extinct  because  of  their  incapacity  to  adapt  themselves  completely 
to  altered  circumstances  ?  and  did  not  the  others  survive  because  they 
adapted  themselyes  more  fully  to  these  circumstances  ?  I  will  try  to 
consider  both  cases  in  reference  to  the  living  and  fossil  Paridigitata. 

I  said  before  that  early  in  the  Eocene  period  the  group  of  Paridigitata 
split  dichotomously  into  two  secondary  groups,  one  with  crescentic  teeth, 
the  other  with  tubercular ;  the  first  I  have  called  the  Selenodonta,  the 
second  Bunodonta  (or  Suina).    Now  each  of  these  secondary  groups  fol- 

*  Or  fowil  forms  wbioh  continue  to  live,  or  have  left  direct  suocessors,  as  PalteocharM 
And  the  Miocene  Buminantia  from  Auvergne. 
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lowed  a  twofold  mode  of  descent,  one  of  which  I  term  the  inadaptwe^  and 
the  other  the  adaptive,  thus,  finallj,  giving  rise  to  four  distinct  groupe : — 

^  A.  The  group  following  the  inadaptive  leductionB 
develop  enormously  in  Eocene  and  Middle  Miocene 
times :  all  have  distinct  metacarpalia  and  metatar- 
salia,  five-lobed  upper  molars,  smooth  distal  extre- 
mities of  the  metapodials.  G^era:  Bothriodon^  Di- 
chobune,  Bhagatherium,  Cainotherium,  They  reached 
their  highest  development  and  culminated  in  the  di- 
dactyle  Anoplotheriumj  Xip7u)don^  and  Diplopui^ 
which  all  became  extinct  without  direct  successors. 
B.  The  group  following  the  adaptive  reduction 
separated  from  the  group  A  somewhere  in  the 
Middle  Eocene,  by  some  of  the  small  Hyopotatnidm 
acquiring  four-lobed  upper  molars,  as  met  with  at 
Mauremont,  and  becoming  Dichodons.  Intermediate 
stages  little  known;  the  Qdacus  is  one  of  them. 
The  least  reduced  living  form  is  Eyamost^us.  Cul- 
minating in  recent  times  in  the  didactyle  Bovidce  and 
AntilopidcB. 

A.  G-roup  following  the  inadaptive  reduction 
very  little  known.  Acothendumi  and  another  larger 
hog-like  animal  from  the  Middle  and  Upper  Eocene 
may  belong  to  this  group ;  they  were  certainly  tetra- 
dactyle.  Culminated  in  the  lowest  Miocene  in  the 
didactyle  Entelodon :  no  successors. 

B.  Group  following  the  adaptive  reduction, 
branched  from  the  group  A  in  the  Eocene ;  tiie  most 
typical  representative  is  the  Choerotherium  from 
Sansans,  with  the  phalangeal  ridge  not  yet  extend- 
ing over  the  whole  distal  end  of  the  metapodium. 
PaloBochotrus  \  reduction  has  &drly  set  in  on  the 
adaptive  mode,  the  phalangeal  ridge  passing  over 
the  whole  end  of  metapodial.  Sue  still  more  redaoed. 
Dicotyles :  all  the  distal  surface  of  the  carpus  and 
tarsus  taken  by  the  enlarged  middle  digits.  Tending 
to  become  didactyle. 


Paridigitata  with 
tubercular  teeth 
(Bunodonta  or 
Suina). 
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We  must  briefly  conBider  each  of  these  groups. 

The  Paridigitata  with  crescentic  teeth  following  the  inadaptive  mode  of 
reduction,  and  whose  skeletons  are  known,  are  the  Aiwphiherium^  Xipho- 
c2on,  AntTuticotTiendcB,  and  Hyopotamidas,  If  it  should  be  asked  why  they  fol- 
lowed this  mode  of  reduction,  the  reason  is  obvious.  Admitting  that  an 
advantage  is  gained  by  the  simplification  of  the  foot  and  the  reduction  of 
the  number  of  digits,  this  mode  of  reduction  is  the  most  simple  course  to 
be  ti^en.  We  must  imagine  the  enlargement  of  the  middle  digits  to  be 
accompanied  by  a  broadening  of  their  correspondent  bones  in  the  carpus 
and  tarsus ;  the  trapezoideum  and  the  second  cuneiform  were  simply 
pushed  aside  (not  made  use  of)  by  the  enlargement  of  the  third  digit,  and 
their  reduction  kept  pace  with  the  reduction  of  the  second  digit.  If  we 
think  how  the  process  must  have  gone  on  '*  in  naturd,^^  we  shidl  find  that 
it  required  quite  an  unusual  occurrence,  some  happy  chance,  for  the  third 
digit  to  go  over  the  separating  line  between  the  magnum  and  trapezoideum, 
or  the  third  and  second  cuneiform,  and  get  a  footing  on  these  last  bones, 
which  typically  belonged  to  the  second  digits.  This  was  evidently  the  most 
advantageous  mode,  but  it  did  not  occur  at  once ;  and  the  organism  has 
taken  the  more  simple  and  obvious  inadaptive  mode,  which,  once  fairly  set 
in,  could  not  be  chsmged.  This  branch  of  the  Paridigitata  then,  starting 
from  their  tetra-  (or  penta-)dactyle  progenitors  in  the  Cretaceous  or  earliest 
Eocene,  arrived  at  the  close  of  the  Eocene  (from  which  strata  alone  we  have 
Paridigitata  whose  skeletons  are  known)  to  the  reduced  didactyle  forms, 
known  as  the  Anoplotherium  and  Xiphodon.  That  these  last  had  tetra- 
dactyle  ancestors  is  supposed,  on  theoretical  grounds,  by  the  evolutionists ; 
besides,  their  rudimental  second  and  fifth  digits  point  clearly  to  some 
form  in  which  these  rudiments  were  completely  developed  and  used  for 
locomotion. 

Whilst  trying  to  ascertain  the  structure  of  the  skeleton  of  an  extinct 
family  (ffyopotamidcB)  allied  to  the  Anoplotheridce,  but  which  was  sup- 
posed to  be  chiefly  Miocene,  I  found  that  the  Miocene  genera  could  be 
r^arded  only  as  the  last  representatives  of  this  exceedingly  nimierous 
family,  whose  chief  development  fell  in  the  Eocene  times,  when  it  was 
represented  by  numerous  subgeneric  and  even  generic  forms.  I  was 
fortunate  enough  to  find,  in  the  collection  of  M.  Aymard,  at  Puy,  a 
large  assemblage  of  bones  belonging  to  the  oldest  Miocene  representative 
of  this  family,  the  Hyopotamus ;  indeed  so  much,  that  I  could  completely 
restore  the  limbs  and  nearly  the  whole  skeleton.  Gilie  limbs  prove  to  be 
tetradactyle,  with  well-developed  lateral  digits.  The  same  i^unily  is  so 
richly  developed  in  the  Eocene,  that  we  have  a  full  right  to  suppose  that 
the  older  genera  had  even  a  more  completely  developed  manus  and  pes. 

From  Puy  I  came  to  London  to  complete  my  study,  as  teeth  which  were 
not  to  be  distinguished  from  the  Hyopoiamus  of  Puy  were  known  to  be 
nmneraus  in  England ;  and  whilst  studying  the  bones  found  in  England, 
I  was  struck  by  the  fact  that  some  of  these  belonged  to  a  didactyle  genui 
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of  the  same  family,  which  in  England  proved  to  be  associated  with  the  tetra- 
dactjle  genus.  To  this  new  genus  of  the  Hyopotamoid  family  I  gave  the 
name  Diplopus.  This  was  indeed  a  welcome  discovery — ancestor  and  de- 
scendant existing  together,  the  complete  with  the  reduced  form  living 
about  the  same  period*.  Moreover,  the  didactyle  form  bore  a  great  general 
likeness  in  the  structure  of  the  limbs  to  Anoplotherium  and  Xiphodon, 
being  perhaps  only  a  little  more  elaborate  and  better  adapted  ihan  these 
first  experiments  of  the  Eocene  times. 

The  likeness  of  the  descendants  allowed  me  to  make  inferences  as  to 
the  likeness  of  the  ancestors  ;  and,  taking  into  consideration  the  structure 
of  the  limbs  in  the  tetradactyle  ffyopotamus,  and  the  rudimental  second 
and  fifth  digit  still  existing  in  Anoploiherium,  Xiphodan,  and  Byopotamus, 
I  feel  confident  that  the  supposed  ancestor  of  the  first  two  did  really 
possess  a  manus  and  pes  very  like  the  projected  typical  diagram ;  indeed 
we  may  be  nearly  as  confident  of  this  as  if  we  had  found  the  actual  thing 
imbedded  complete  in  some  early  Eocene  or  even  Cretaceous  rock. 

This,  then,  was  the  state  of  things  in  the  earliest  Eocene ;  large  numbers 
of  Paridigitata  with  tetradactyle  feet  like  our  Eyopotamus,  and  the 
supposed  progenitors  of  Anoplotherium  and  XipTiodon,  represented  the 
group  of  Paridigitates  with  crescentic  teeth  (Selenodonta).  Eeduction  in 
the  number  of  digits,  being  an  advantage  to  the  organism,  was  steadily 
going  on.  But,  be  it  observed,  we  follow  now  the  iruxdapHve  line  of 
descent ;  and  while  the  whole  weight  of  the  body  was,  by  gradual  steps, 
entirely  transferred  to  the  two  middle  digits,  these  thickened  and  grew 
larger,  but  entered  into  no  special  adaptation  by  means  of  which  they 
should  better  perform  the  work  which  had  fallen  to  their  share ;  they 
did  not  enlarge  so  as  to  gain  additional  support  from  all  bones  of  the 
second  row  of  the  carpus  and  tarsus;  the  reduction  was  inadaptive: 
inheritance  is  in  them  stronger  than  modification. 

Seeing  that  old  Paridigitata  present  only  two  free  metacarpals  and 
metatarsals,  and  that  recent  Euminantia  have  the  same  two  metacarpals 
and  metatarsals  coalesced  into  a  single  cannonbone,  evolutionists  generally 
rush  at  the  seemingly  obvious  conclusion  that  once  the  tetradactyle  foot 
reached  the  reduced  state  of  two  digits,  these  coalesced  together,  and  were 
transformed  into  the  cannonbone  of  Euminants.  No  such  thing,  however, 
happened ;  nor  could  it  have  happened  with  the  old  didactyle  F&ridigitata, 
as  the  Anoplotherium,  XipTiodon,  and  Diplopus;  and  the  reason  why  it 
could  not  is  clearly  indicated  by  the  structure  of  their  feet.  We  have 
already  shown  that,  following  this  inadaptive  reduction,  the  two  middle 
digits,  whilst  growing  larger,  continue  to  occupy  only  the  inner  half  or 
more  of  the  unciform  and  the  greater  part  of  the  os  magnum ;  so  that 
from  the  outer  as  well  as  from  the  inner  side  the  carpal  bones  which  sup- 
port useless  rudiments  overhang  the  two  middle  functional  digits.     In  con- 

*  Such  eases  are  numerous.    In  the  Sewalik  Hills  the  Hipparion  iraasooiated  with 
be  horse. 
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sequence  of  this,  the  distal  surface  of  the  carpus  was  much  broader  than 
the  proximal  sur&ice  of  the  two  functional  digits — an  arrangement  not 
calculated  for  firm  equilibrium.  Now  the  confluence  of  the  two  middle 
digits  is  always  followed  by  a  considerable  contraction ;  and  if  this 
coalescence  should  occur  in  the  imperfectly  adapted  foot  of  Aruyplotherivm, 
and  especially  Xiph>dx>n,  all  equilibrium  would  be  lost.  If  ever  such  conflu- 
ence occurred,  by  reason  of  the  tendency  to  the  greatest  possible  reduction, 
the  resulting  form  had  not  the  least  chance  of  being  propagated  and  of  hold- 
ing its  ground  against  the  competing  genera.  The  broadening  of  the  middle 
digits  could  not  occur  after  the  entire  loss  of  the  laterals ;  and  we  shall  see 
that,  in  genera  which  have  left  immediate  successors  {Sus,  Hyomo8chus\ 
the  lateral  digits  are  not  allowed  to  go  until  the  middle  ones  have  obtained 
a  secure  footing  on  the  entire  distal  surface  of  the  carpus  and  tarsus. 
However,  these  inadaptively  reduced  genera  of  the  Eocene  could  perhaps 
have  lived  till  our  own  days  ;  but  the  development  of  the  competing  and 
better  adapted  forms  pressing  them  on  all  sides,  they  had  no  chance  to 
stand  their  ground  against  them,  and  became  extinct  without  any  direct 
posterity,  while  the  succession  of  the  Paridigitata  Selenodonta  was  carried 
by  a  side  branch,  and  reached  its  culminating  point  in  the  Miocene, 
continuing  from  thence  to  our  own  days. 

We  turn  now  to  the  same  mode  of  inadaptive  reduction  as  manifested  by 
the  tubercular-toothed  Paridigitata  (BunodotUa),  or  Suina.  The  old  repre- 
sentatives of  this  group  are  very  little  known.  The  Chceropotamus  is  a 
very  doubtful  genus,  and  may  be  inclining  towards  the  crescentic-toothed 
Paridigitata,  being  supposed  to  be  the  progenitor  of  the  Anihracotheridas 
and  Hyopotamidoe,  Besides  it  we  have  the  Acoiherulum  satuminum,  Ger.,  a 
truly  tubennihuvtoothed  Paridigitate  from  the  Upper  Eocene,  Acoiherulum 
Campiehii  (Dichobune,  Camp.  Pictet)  from  the  Lower  Eocene  of  Mauremont, 
and  a  larger  pig-like  animal  from  the  same  deposit  not  yet  described  or 
named.  These  are  undoubtedly  the  oldest  tubercular-toothed  Paridigitates 
we  know;  but  unfortunately  our  knowledge  is  based  only  on  dental 
characters.  However,  considering  that  even  the  recent  Suina  have  not 
yet  completely  lost  their  two  lateral  digits,  it  may,  with  the  greatest  pro- 
bability, be  inferred  that  these  old  Eocene  forms  were  tetradactyle.  Our 
knowledge  of  the  development  of  this  group  is  very  incomplete ;  but  there 
can  be  no  doubt  that,  though  not  nearly  so  rich  as  the  Selenodont  group, 
they  were  stiU  niunerous,  as  may  be  inferred  from  the  great  quantity  of 
the  Suina  in  the  Miocene,  and  such  forms  as  the  Listriodon  splendetis  *. 
We  are  so  accustomed  to  look  on  the  Suina  as  a  group  of  tubercular- 
toothed  tetradactyle  Paridigitata,  that  no  one  ever  thought  of  the  possibility 
of  a  didaetyle  hog ;  but,  strange  as  it  may  seem,  such  a  Suilline  animal 

*  I  hare  not  been  bo  fortunate  as  to  see  any  bones  of  the  Listriodon ;  but  as  this 
miooene  hog  died  without  any  successors,  I  should  not  he  astonished  if  it  proyes  to  be 
didaetyle,  thus  being  a  parallel  to  Hyopotamus  in  the  same  sense  as  Entelodon  is 
parallel  to  Anoploiheriufn. 
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existed ;  stranger  still,  it  existed  in  such  an  ancient  period  as  the  dose  of 
the  Eocene  in  the  lowest  strata  of  Eonzon  at  Fuj.  This  is  the  Entelodcny 
Aym.  {Eloiherium,  Pom.,  Archasotherium,  Leidy).  The  Suilline  characters 
are  so  striking  in  this  form,  that  it  was  at  once  placed  among  the  Suina, 
and  pronounced  tetradactyle,  though  the  confluent  tibia  and  fibula  (men- 
tioned by  Leidj)  might  have  been  taken  as  a  warning  against  rash 
conclusions.  I  have  found  in  the  cabinet  of  M.  Aymard,  in  Puy,  some 
bones  of  this  animal ;  few  it  must  be  acknowledged,  but  still  leaving  no 
doubt  as  to  the  dldactyly  of  Entelodon.  Of  this  I  shall  try  to  adduce  more 
extensive  proofs  in  a  forthcoming  memoir  on  this  graiua.  How  can  the 
presence  of  a  hog  with  such  reduced  limbs  be  explained  in  sudi  ancient 
deposits,  when  even  the  living  Suidce  have  not  yet  reached  this  stage  of 
reduction  ?  The  fact,  however,  is  intelligible  when  we  consider  that  the 
Entelodon  is  the  final  result  of  the  inadaptive  development  and  reduction 
along  the  line  of  tubercular-toothed  Paridigitata ;  it  is  the  cidmimUum 
point  of  this  group,  and  in  this  sense  quite  parallel  to  the  Anoploiherium  in 
the  other  group.  Thus  the  Paridigitata,  which  split  dichotomously  in  the 
earliest  Eocene  (?)  into  two  groups,  the  tubercular-toothed  {Bwwdontd) 
and  the  crescent-toothed  {Selenodoivta\  follo>*dng  the  inadaptive  mode  of 
reduction,  reached  their  culmination  point  in  the  Upper  Eocene  or  just 
above  it,  in  such  forms  as  Entelodon  for  the  first  group,  and  Anoplotherium, 
Xiphodon,  Hyopotamxis  for  the  second  group,  which  all  became  extinct 
without  any  direct  posterity.  The  living  Suina  and  Euminantia  are  not 
directly  connected  with  them,  but  are  the  issue  of  lateral  branches  which 
followed  the  adaptive  mode  of  development  and  reduction. 

We  may  now  consider  the  results  of  the  adaptive  mode  of  reduc- 
tion. As  I  said  before,  the  rate  of  this  reduction  is  much  slower  in  the 
tubercular-toothed  Paridigitata,  or  Suina ;  and  this  gives  us  the  means  of 
following  more  closely  all  the  stages  of  reduction.  I  propose,  there- 
fore, in  the  first  place,  to  consider  these. 

Though  the  published  materials,  as  far  as  the  skeleton  is  concerned,  are 
very  poor,  we  have  the  means  of  giving  nearly  all  the  intermediate  stages 
between  those  genera  in  which  the  manus  and  pes  are  conformable  to  the 
true  tetradactyle  t>^e,  every  digit  (except  the  fourth  and  fifth,  which  are 
always  borne  by  one)  being  carried  by  a  separate  carpal  and  tarsal  bone, 
and  those  in  which  the  entire  distal  surface  of  the  carpus  or  tarsus  is 
taken  by  the  enlarged  two  middle  digits. 

The  adaptation  of  these  two  middle  digits  on  the  adaptive  line  forms  a 
striking  contrast  to  their  rigidity  exhibited  by  the  other  mode  of  re- 
duction ;  and  we  shall  briefly  indicate  the  stages  by  which  the  typical 
Suilline  foot  actually  passed  to  reach  the  stage  exhibited  now  by  Dicotyles, 

We  are  at  a  total  loss  to  indicate  the  precise  time  when  the  adaptive 
branch  separated  from  the  inadaptive ;  it  was  certainly  somewhere  in  the 
lowest  Miocene,  as  in  the  Middle  Miocene  we  find  already  a  large  quantity 
of  SuinsD  in  which  the  adaptative  reduction  has  fairly  set  in.     As  the  first 
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stage  I  most  consider  a  small  Suilline  animal,  though  not  the  oldest,  but 
perhaps  a  remnant  of  the  older  type ;  this  is  the  CTuxroiheriumy  Lart., 
from  Sansans.  The  primitiyeness  of  this  small  pig  is  indicated  by  the 
fact  that  the  carpal  and  tarsal  bones  retain  their  typical  relation  to  the 
four  metacarpals  and  metatarsals ;  the  himierus  is  very  AnaplotheriumAikef 
and  the  distal  extremity  of  the  metapodium  is  smooth  anteriorly,  the 
phalangeal  articular  ridge  being  limited  only  to  the  palmar  side,  as  in  all 
ancient  Paridigitata. 

ilrst  Stage,  Chosrotheriwnj  Lart.,  Sansans. — The  middle  digits  are  en- 
larged, but  the  laterals  still  retain  their  typical  relation  to  the  supporting 
bones  of  the  carpus  and  tarsus*.  Distal  end  of  hiunerus  Amplotherium- 
like  (ancient)  ;  the  proximal  end  of  the  radius,  in  correspondence  with  the 
humerus,  is  also  Anaplotheriumr-hke.  The  distal  end  of  metapodium  is 
smooth,  the  phalangeal  ridge  being  limited  to  the  palmar  side. 

Second  Stage,  FaUxoehoents  (Allier). — The  adaptive  reduction  of  the 
mamu  and  pes  has  fairly  set  in,  its  first  indication  being  that  the  radial 
margin  of  the  third  digit  (in  the  manus  and  pes)  is  raised  in  such  a  way 
as  to  exclude  the  second  digit  from  going  to  its  typical  facet  on  the  os 
magnum  and  third  cuneiform,  though  leaving  it  still  in  the  full  pos- 
session of  the  trapezoid  and  second  cuneiform.  The  phalangeal  arti- 
cular ridge  is  passing  from  the  palmar  side  round  the  distal  extremity  to 
the  anterior  face  of  the  metapodium. 

Third  Stage,  Suidas. — Adaptive  reduction  is  proceeding  further,  the 
middle  digits  are  greatly  enlarged,  and  the  third  digits  of  the  manus  and 
pes  spread  over  one  half  the  trapezoideum  and  nearly  the  whole  of  the 
second  caneiform.  The  lateral  digits  touch  the  ground  only  very  slightly, 
and  are  not  important  for  locomotion. 

Fourth  Stage,  Dicotyles, — The  middle  digits  are  so  enlarged  and  adapted 
that  the  entire  distal  sur^u^  of  the  carpus  and  tarsus  is  taken  by  them ; 
the  lateral  digits  have  no  distinct  facets  on  the  distal  surface  of  the 
carpus,  and  are  merely  hanging  to  the  enlarged  middle  digits.  The  fifth 
digit  of  the  pes  is  lost,  and  the  two  metatarsals  are  coalesced  into  a 
cannonbone;  the  metacarpals  are  also  so  closely  pressed  together  that 
their  confluence  is  imminent.  The  complication  of  the  stomach,  which  is 
divided  into  three  chambers,  shows  a  beginning  of  rumination,  slight  traces 
pf  which  are  even  exhibited  by  the  common  hog ;  the  premolars  become 
complicated,  and  begin  to  assume  the  shape  of  molars  t,  the  first  premolar 
is  lost  (as  in  all  Buminants),  the  incisors  reduced  to  four,  the  canines 
are  small. 

fifth  Stage. — The  culminating  point  is  not  yet  reached  by  the  tubercular- 

*  That  is,  the  second  digit  is  supported  by  the  trapezoideum,  and  has  besides  a  facet 
on  the  OS  magnum,  as  in  Hippopotamus^  or  in  the  typical  tetradactyle  foot  generally. 

t  A  very  important  circumstance,  considering  that  we  meet  the  same  fact  in  other 
groaps  where  the  premolars  assume  the  shape  of  molars,  as  in  PalaothcridtPf  horses 
rhinooeros,  &c. 
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toothed  Paridigitata,  f oUowing  the  adaptive  mode  of  redadioin ;  but  as  it 
was  reached  by  the  same  group  on  the  inadapHve  mode  (Entdodon),  and 
as  the  parallel  group  of  crescent-toothed  Paridigitata,  whose  reduction  is 
going  at  a  quicker  rate,  has  already  reached  it,  there  can  be  no  doubt 
that  the  Suina  are  tending  also  to  the  same  culminating  point.  In 
reaching  it  the  lateral  digits  will  be  entirely  lost,  the  trapedum  will 
coalesce  with  the  magnum,  and  the  second  cuneiform  with  the  third; 
the  middle  metacarpals  and  metatarsals  will  coalesce  into  a  complete 
cannonbone,  and  probably  the  stomach  will  become  still  more  compli- 
cated, and  they  will  ruminate.  That  this  state  is  the  goal  towao^s 
which  the  Suina  tend  I  have  little  doubt ;  but  it  is  more  than  probable 
that  man  by  his  influence  will  prevent  them  from  ever  reaching  it. 

Our  task  is  more  difficult  when  we  come  to  inquire  into  the  line  of  de- 
scent which  has  given  rise  to  the  Euminantia.  As  stated  before,  I  cannot 
put  the  Anophtherium,  nor  the  Xiphodon,  in  their  pedigree.  In  my 
opinion,  the  line  which  ends  in  Euminantia  branched  off  from  the  small 
tetradactyle  Hyopotamidce,  which  were  so  numerous  in  the  Eocene  period. 
I  find  in  the  Eocene  of  Mauremont  all  stages  of  transition  between  the 
Jive4ohed  upper  molars  of  these  HyopotamidaB  and  teeth  having  a  true 
ruminant  four-lobed  pattern;  these  last  have  belonged  to  some  small 
species  of  Dichodon.  Unfortunately  we  have  no  clue  to  the  skeleton, 
though,  seeing  the  tetradactyle  living  Hyomoschus,  it  may  fairly  be 
assumed  that  these  early  progenitors  of  Euminantia  were  also  tetra- 
dactyle. The  small  tetradactyle  Cainotherium  is  a  very  tempting  genus 
in  speculations  about  the  descent  of  Euminantia ;  but  I  must  exclude  it 
for  many  reasons,  though  I  cannot  here  give  them  in  full.  Some  of 
these  are  as  follows  : — the  Cainotherium  retained  till  the  Middle  Miocene 
five-lobed  teeth  on  the  Dichohune  pattern  (with  the  three  lobes  on  the 
posterior  half  of  the  tooth),  while  we  have  truly  ruminant  teeth  already 
in  the  Eocene ;  it  retained  its  upper  incisors  and  free  metatarsals,  while 
the  much  older  Gelacus,  Aym.,  which  is  already  a  true  ruminant,  had  no 
upper  incisors  and  the  metapodials  were  confluent  in  the  adult.  Caino- 
iherium  seems  to  be  a  direct  descendant  of  Dichohune^  and  to  have  become 
extinct,  without  leaving  any  successors. 

Supposing  that  the  Dichodon  had  a  foot  true  to  the  tetradactyle  type, 
we  do  not  find  the  earliest  stages  of  reduction ;  they  were  passed  rapicUy, 
and  in  very  ancient  times  :  but  there  can  be  little  doubt  that  the 
Euminantia  began  with  a  tetradactyle  foot,  and  ended  by  a  cannonbone 
adapted  to  the  whole  distal  surface  of  the  carpus  and  tarsus.  Such 
adaptation  of  the  two  middle  digits  could  not  be  obtained  at  one  leap ; 
and  certainly  all  stages  between  a  tetradactyle  foot  (in  which  every  digit 
was  supported  by  a  separate  bone  in  the  carpus  and  tarsus)  and  a 
didactyle  foot  (in  which  the  two  enlarged  middle  digits  have  taken  the 
whole  distal  surface  of  all  the  carpal  and  tarsal  bones)  were  passed  by 
this  group  in  the  same  manner  we  have  seen  it  in  the  Suina,  but  only  a 
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few  traces  of  this  passage  remam.  From  the  tetradactyle  Dichodon^  the 
group  of  adaptive  Selenodonts  may  be  said  to  have  split  in  two  sub- 
ordinate groups.  In  one  of  these,  represented  by  the  Hyomosehus^  the 
lateral  digits  are  retaLoed,  and  only  the  metatarsals  become  confluent, 
while  the  two  middle  metacarpals  continue  to  be  free*.  In  the  Tragulid(B 
the  two  middle  digits  coalesce,  in  both  fore  and  hind  limbs,  into  a  complete 
cannonbone,  but  the  lateral  digits  are  still  retained  in  their  whole  length 
as  useless,  nearly  filiform  appendages.  The  distal  surface  of  the  meta- 
podium  remains  smooth ;  the  rumination  is  incomplete. 

In  the  other  group,  as  the  representative  of  which  we  may  cite  the 
Odocus^  Aym.,  the  lateral  digits  were  soon  lost,  and  the  remaining  two 
middle  digits  have  taken  the  entire  distal  surface  of  the  carpus  and 
tarsus ;  still  they  remain  separate,  perhaps  through  life,  in  some  of  the 
Eocene  Odod  whose  remains  I  have  seen  from  the  phosphatic  limestone 
deposits  in  the  south  of  France,  near  Cahors,  in  a  locality  called  C^ylux. 
In  this  deposit  the  bones  of  Oelocus  are  found,  together  with  large 
Anaplotheria  and  FdUeotheria,  and  even  the  completely  ossified  and  not 
epiphysed  metatarsals  are  found  entirely  free.  In  the  lowest  Miocene  of 
Puy,  however,  we  find  a  Oelocus  whose  metacarpals  and  metatarsals  are 
free  only  in  the  young,  and  coalesce  in  the  adult ;  but,  even  after  their 
coalescence,  the  distal  end  of  the  metapodium  is  smooth,  and  the  articular 
ridge  is  limited  to  the  palmar  side.  In  the  somewhat  newer  (about  the 
upper  part  of  the  Lower  Miocene)  deposits  of  AUier,  in  Auvergne,  we 
meet  at  last  with  metatarsals  and  metacarpals  entirely  coalesced  into  a 
complete  cannonbone,  and  the  articular  ridge  taking  the  whole  distal 
extremity  of  the  metapodium.  Small  rudiments  of  the  lateral  digits 
(second  and  fifth)  still  remain  as  styliform  appendages  on  both  sides  of 
the  cannonbone,  in  the  fore  and  hind  limbs. 

Such  true  ruminant  forms  are  exceedingly  numerous  in  the  Miocene  of 
Allier ;  they  are  all  hornless,  and  some  retain  seven  molars  in  the  lower 
jaw,  as  in  all  ancient  Selenodonts.  In  most,  however,  of  these  newer 
Miocene  forms  the  first  premolar  of  the  lower  jaw  is  lost,  and  they 
exhibit  the  same  dental  formula  as  the  living  Euminantia,  from  which 
they  seem  not  to  dilEer  in  any  of  the  essential  characters.  These  true 
ruminant  forms  of  the  Lower  Miocene  may  be  considered  to  have  reached 
the  culmination  point  of  their  reduction,  and  we  shall  consider  them  as 
such.  Thus  the  Selenodont  Paridigitata,  after  branching  off  from  the 
common  stock  in  the  Lower  Eocene,  reach  the  utmost  stage  of  re- 
duction on  the  adaptive  mode  a  little  below  the  Middle  Miocene ;  this 
we  consider  to  be  the  fifth  stage,  or  the  culmination. 

The  fifth  stage,  or  the  culmination  point  of  the  Paridigitata  Selenodonta, 

*  Thete  middle  metacarpals  and  metatarsals  are  enlarged  and  adapted  to  the  whole 
distal  iar£aoe  of  the  carpus  and  tarsus. 

TOL.  XXt,  ? 


ij**.-  .  -., 


I64  On  the  Osteology  of  the  Hyopotamid».  [Feb.  6, 

following  the  adaptive  mode  of  reduction,  means  that  the  reductioii  of 
the  manus  and  pes  was  carried  so  far  that  it  could  not  proceed  further  ; 
this  point  was  attained  already  in  the  Lower  Miocene.  When  once  the 
metapodium  was  reduced  to  one  bone,  and  this  one  had  taken  the  whole 
distal  surface  of  the  carpus  and  tarsus,  any  further  reduction  or  improve- 
ment was  quite  impossible.  Besides,  the  completely  developed  faculty  of 
rumination  gave  these  forms  an  enormous  advantage  over  the  other,  non- 
ruminant,  Paridigitata  occurring  in  the  same  strata.  They  could  live  on 
such  matters  as  twigs,  bark  of  trees,  mosses,  lichens,  on  which  no  other 
Ungulata  can  subsist ;  such  food  is  found  everywhere,  requires  no  cunning 
and  very  little  struggle  to  get  it.  All  essential  modifications  were  attained 
very  early,  and  the  chief  of  these  are  the  confluence  of  the  two  middle  digits 
in  a  complete  cannonbone  and  rumination.  Then  began  the  luxury  of  all 
sorts  of  appendages — excrescences  on  the  frontal  bones  covered  with  skin, 
uncovered  by  skin  in  the  form  of  prickly  simple  horns  {Pudu),  or  double 
(Dicroceras  of  Sansan,  Muntjac),  then  branched  and  palmated.  In  other 
groups  these  bony  cores  were  covered  with  homy  sheaths,  which  at  first 
differed  but  little  from  agglutinated  hairs  (Antilocapra  americana),  then 
became  more  compact,  as  in  the  smooth  and  hard  homy  sheath  of  the 
hoUow-homed  Kuminantia.  These  secondary  characters  were  all  acquired, 
thanks  to  abundant  time,  aft>er  the  essential  characters  of  the  type  had 
been  assumed  ;  if  man  had  come  on  earth  a  little  later  than  he  did,  he 
certainly  would  have  found  nearly  parallel  cases  in  the  group  of  Suina, 
monodactyle  (with  cannonbone)  hogs  with  different  appendages.  As 
it  is,  he  stopped  the  course  of  events ;  all  further  improvement  is  out 
of  the  question,  or  only  possible  in  such  groups  as  the  Eodentia,  who 
prey  on  man's  food,  being  at  the  same  time  independent  of  him. 

It  may  be  asked.  How  stands  the  matter  in  the  Imparidigitate  IJngulata  ? 
And  though  I  cannot  ent-er  fully  into  the  case,  I  may  stat«  that  the  same 
course  of  events  is  observable  in  them ;  only  there  could  be  no  in- 
adaptive  reduction,  as  the  body  could  not,  under  any  circumstances,  be 
held  in  equilibrium  upon  one  single  third  digit,  if  this  one  had  not 
taken  the  whole  distal  surface  of  the  carpus  and  tarsus.  But  the 
task  in  this  group  was  much  more  difficult ;  to  get  one  middle  digit  to 
perform  the  work  shared  in  the  ancestors  by  five,  and  in  the  immediate 
progenitor  by  three,  required  time.  To  accomplish  this,  two  geological 
periods  were  needed ;  but  still,  by  the  incessant  tendency  to  reduction, 
the  work  was  done,  and  the  monodactyle  horse  spread  over  the  surface  of 
the  globe,  superseding  all  other  Imparidigitata,  which  are  evidently 
rapidly  dying  out.  The  only  two  genera  which  remain  still,  the  Rhino- 
ceros and  the  Tapir,  cannot  last  long.  But  this  spreading  and  multipli- 
cation of  the  Equida  was  also  accompanied  by  a  total  change  of  diet : 
from  an  omnivorous  animal  it  became  grass-eater;  and  indeed,  by  its  teeth 
and  many  other  characters,  the  horse  is  very  analogous  to  the  Kuminantia, 


IS78.]         On  the  Magnetic  Sutv^y  of  Bdgnm  m  1871.  166 

being,  as  they  are,  the  cahnination  point  of  the  group  of  Imparidigitata. 
The  reduction  of  the  horse  foot,  however,  is  not  fully  accomplished  yet ; 
to  attain  this,  the  styliform  metatarsals  and  metacarpals  (the  second  and 
fourth)  have  to  be  lost. 

II.  "Magnetic  Survey  of  Belgium  in  1871.''  By  the  Rev.  S.  J. 
Perry.  Communicated  by  Sir  Edward  Sabine^  K.C.B.^  F.R.S. 
Received  January  24,  1873. 

(Abstract.) 

The  magnetic  observations  which  furnished  the  results  contained  in 
tiiis  paper  were  made  during  the  autumn  months  of  1871. 

The  instruments  used  and  the  methods  adopted  were  almost  identical 
with  those  employed  in  previous  magnetic  surveys  of  France. 

The  dip  was  observed  by  Mr.  W.  Carlisle,  magnetic  assistant  of  Stony- 
hurst  Observatory,  and  the  rest  of  the  observations  were  taken  by  the 
Eev.  S.-J.  Perry. 

This  new  series  of  determinations  of  the  terrestrial  magnetic  elements 
was  rendered  the  more  necessary,  as  preceding  observers  had  chosen  very 
few  stations  in  Belgium,  and  as  the  curvature  of  the  isodynamics  and 
isoclinals  in  Dr.  Lament's  maps  of  Belgium,  Holland,  and  North-west 
Germany  indicated  a  very  considerable  disturbing  cause  m  the  first- 
named  country. 

The  values  obtained  in  1871  are  a  strong  confirmation  of  the  suspicions 
of  irregularity  to  which  former  observations  had  given  rise ;  for  although 
the  lines  of  equal  dip,  declination,  and  horizontal  force  bear  a  sufficiently 
close  resemblance  to  those  of  neighbouring  countries,  there  is  evidence  of 
much  disturbance ;  and  when  the  values  of  the  dip  and  horizontal  force 
are  combined,  the  isodynamics  show  clearly  that  the  coal-measures,  which 
stretch  completely  across  the  south-east  portion  of  Belgium,  exercise  a 
strong  disturbing  influence.  This  local  magnetism  might  be. incapable  of 
producing  more  than  a  decided  curvature  of  the  isodynamics  of  an  ex- 
tended tract  of  country ;  but  when  all  the  stations  of  observation  are 
situated  within  narrow  limits,  the  perturbation  completely  masks  the 
normal  direction  of  the  lines. 

The  foDowing  is  a  complete  list  of  the  magnetic  elements  observed  at 
the  different  stations,  and  reduced  to  the  common  epoch  of  January  1» 
1872  :— 

Station.  Declination.  Dip.         Homontal  force.    Intensity. 

Aix-la-ChapeDe  . . . .   16-464  66-637  4-0064  10-1026 

Alost 17-349  67-210  3-9518  10-2016 

Antwerp     17-489  66-999  3*9296  10-0669 

Arlon 16-398  65-907  4-1176  10'0867 

Bruges   17-938  67166  3-8960  10-0321 
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Station.            Declination.  Dip.  Horizontal  force.    Intensitj. 

Broflsels 17959  66976  3-9613  10-1271 

Courtray    17-756  66678  4-0028  10-1103 

Ghent     17-823  67221  3-9197  10-1232 

Li^ge 16-233  66-464  4-0145  10-0522 

Lierre 66-948 

Louvain 16-824  66-898  3-9566  10-0828 

Mechlin 66-714 

Mons 17-216  66-573  40065  100767 

Namur   17541  66-538  3-9941  10-0311 

Ostend   18-097  67-211  3-9152  10-1077 

Spa 16-627  66-653  40239  10-1531 

Tournay 17691  66-632  3-9975  10-0776 

TronchienneB 17-867  67-361  3-9032  10-1397 

Tumhout    17-025  67-113  3-9542  10-1665 

Verviers 66-718 

Secular  variation  . .   —0-1255  -0-0573  -f  0-00542       —0-01165 


February  13,  1873. 
Rear-Admiral  RICHARDS,  C.B.,  Vice-President,  in  the  Chair. 

The  following  communications  were  read : — 

I.  *'  On  Curvature  and  Orthogonal  Surfaces."  By  A.  Cayley, 
F.R.S.,  Sadlerian  Professor  of  Mathematics  in  the  Univer- 
sity of  Cambridge.     Received  December  27,  1872. 

(Abstract.) 

The  principal  object  of  the  present  Memoir  is  the  establishment  of  the 
partial  differential  equation  of  the  third  order  satisfied  by  the  parameter 
of  a  family  of  surfaces  belonging  to  a  triple  orthogonal  system.  It  was 
first  remarked  by  Bouquet  that  a  given  family  of  surfaces  does  not  in 
general  belong  to  an  orthogonal  system,  but  that  (in  order  to  its  doing 
so)  a  condition  must  be  satisfied :  it  was  afterwards  shown  by  Serret  that 
the  condition  is  that  the  parameter  considered  as  a  function  of  the  coor- 
dinates must  satisfy  a  partial  differential  equation  of  the  third  order ; 
this  equation  was  not  obtained  by  him  or  the  other  French  geometers  en- 
gaged on  the  subject,  although  methods  of  obtaining  it,  essentially  equi- 
valent but  differing  in  form,  were  given  by  Darboux  and  Levy;  the 
last-named  writer  even  found  a  particular  form  of  the  equation,  viz.  what 
the  general  equation  becomes  on  writing  therein  X=0,  T=0  (X,  Y,  Z 
the  first  derived  functions,  or  quantities  proportional  to  the  cosine-incli- 
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nations  of  the  normal).  Using  Levy's  method,  I  obtained  the  general 
equation,  and  communicated  it  to  the  French  Academy.  My  result  was, 
however,  of  a  very  complicated  form,  owing,  as  I  afterwards  discovered, 
to  its  being  enciunbered  with  the  extraneous  factor  X*-f  Y*+Z*:  I  suc- 
ceeded, by  some  difficult  reductions,  in  getting  rid  of  this  factor,  and  so 
obtaining  the  equation  in  the  form  given  in  the  present  memoir,  viz. 

((A),  (B),  (C),  (F),  (G),  (H)Xaa,  ^6,  ^e,  2lf,  2lg,  2M) 

-2((A),  (B),  (C),  (F),  (G),  (H)Xa,  5,  c,  2/,  2^,  2A)=0 : 

but  the  method  was  an  inconvenient  one,  and  I  was  led  to  reconsider  the 
question.  The  present  investigation,  although  the  analytical  transforma- 
tions are  very  long,  is  in  theory  extremely  simple :  I  consider  a  given 
surface,  and  at  each  point  thereof  take  along  the  normal  an  infinitesimal 
length  p  (not  a  constant,  but  an  arbitrary  function  of  the  coordinates), 
the  extremities  of  these  distances  forming  a  new  surface,  say  the  vicinal 
surface ;  and  the  points  on  the  same  normal  are  considered  as  corre- 
sponding points,  say  this  is  the  conormal  correspondence  of  vicinal  sur- 
&ces.  In  order  that  the  two  surfaces  may  belong  to  an  orthogonal 
system,  it  is  necessary  and  sufficient  that  at  each  point  of  the  given  sur- 
face the  principal  tangents  (tangents  to  the  curves  of  curvatxu^)  shall 
correspond  to  the  principal  tangents  at  the  corresponding  point  of  the 
vicinal  surface ;  and  the  condition  for  this  is  that  p  shall  satisfy  a  partial 
differential  equation  of  the  second  order, 

((A),  (B),  (C),  (F),  (G),  mtd„  d„  d.>p=0, 

where  the  coefficients  depend  on  the  first  and  second  differential  coeffi- 
cients of  TJ,  if  TTssO  is  the  equation  of  the  given  surface.  Now,  consi- 
dering the  given  surface  as  belonging  to  a  family,  or  writing  its  equation 
in  the  form  r — r(ar,  y,  «)=0  (the  last  r  a  functional  symbol),  the  condi- 
tion in  order  that  the  vicinal  surface  shaU  belong  to  this  family,  or  say 

.It 
that  it  shall  coincide  with  the  surface  r-f  3r— r(ar,  y,  2)=0,  is  p=^> 

where  V=\/X«+Y«+Z«,  and  X,  T,  Z  are  the  first  differential  coeffi- 
cients of  r(a?,  y,  «),  that  is,  of  the  parameter  r  considered  as  a  function  of 
the  coordinates  ;  we  have,  thus  the  equation 

((A),  (B),  (C),  (F),  (G),  qsi)Jd„  d,,  d,Y\  =0, 

vis.  the  coefficients  being  functions  of  the  first  and  second  differential 
coefficients  of  r,  and  V  being  a  function  of  the  first  differential  coefficients 
of  r,  this  is  in  fact  a  relation  involving  the  first,  second,  and  third  dif- 
ferential coefficients  of  r,  or  it  is  the  partial  differential  equation  to  be 
satisfied  by  the  parameter  r  considered  as  a  function  of  the  coordinates. 
After  all  reductions,  this  equation  assumes  the  form  previously  mentioned. 
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II.  "  On  a  new  Relation  between  Heat  and  Electricity/' 
By  Frederick  Guthrie.     Received  January  10,  1873. 

(Abstract.) 

It  is  found  that  the  reaction  between  an  electrified  body  and  a  neigh- 
bouring neutral  one,  whereby  the  electricity  in  the  neutral  body  is  induc- 
tively decomposed  and  attraction  produced,  undergoes  a  modification 
when  the  neutral  body  is  considerably  heated. 

Under  many  circumstances  it  is  found  that  the  electrified  body  is 
rapidly  and  completely  discharged.  The  action  of  discharge  is  shown  to 
depend  mainly  upon  the  foUowing  conditions : — (1)  the  temperature  of 
the  discharging  body  and  its  distance  from  the  electrified  one ;  (2)  the 
nature  (+  or  — )  of  the  latter's  electricity. 

With  egard  to  (1),  it  is  shown  that  the  discharging  power  of  a  hot  body 
diminishes  as  its  distance  increases,  and  increases  with  its  temperature ; 
but,  concerning  the  temperature,  it  is  proved  that  the  discharging  power 
of  a  hot  body  does  not  depend  upon  the  quantity  of  heat  radiated  from 
it  to  the  electrified  body,  but  chiefly  upon  its  quality.  Thus  a  white-hot 
platinum  wire  connected  with  the  earth  may  exercise  an  indefinitely 
greater  discharging  power,  at  the  same  distance,  than  a  large  mass  of 
iron  at  100°  C,  though  the  latter  may  impart  more  heat  to  the  electrified 
body. 

Neither  the  mere  reception  of  heat,  however  intense,  by  the  electrified 
body,  unless  the  latter  have  such  small  capacity  as  to  be  itself  intensely 
heated,  discharges  the  electricity  if  the  source  of  heat  be  distant ;  nor  is 
discharge  effected  when  the  electrified  body  and  a  neighbouring  cold  one 
are  surrounded  by  air  through  which  intense  heat  is  passing.  But,  for 
the  discharge,  it  is  necessary  that  heat  of  intensity  pass  to  the  electrified 
body  from  a  neutral  body,  within  inductive  range. 

White-  and  red-hot  metallic  neutral  bodies  exercise  this  discharging 
power  even  when  isolated  from  the  earth,  but  always  with  less  fadlity 
than  when  earth-connected. 

The  hotter  the  discharging  body,  whether  isolated  or  earth-connected, 
the  more  nearly  alike  do  +  or  —  electricities  behave  in  being  discharged ; 
but  at  certain  temperatures  distinct  differences  are  noticed.  The  — 
electricity,  in  all  cases  of  difference,  is  discharged  with  greater  facility 
than  the  + . 

Attempts  are  made  to  measure  the  critical  temperatures  at  which 
earth-connected  hot  iron  (1)  discharges  +  and  —  electricity  with  nearly 
the  same  facility,  (2)  begins,  as  it  cools,  to  show  a  preferential  power  of 
discharging  — ,  and  (3)  ceases  to  discharge  — .  The  temperatures  so 
obtained  are  measured  by  the  number  of  heat-units,  measured  from  0^  C., 
in  1  gram  of  iron  of  the  respective  temperature,  represented  by  the  value 
of  the  expression  Fe  SJu. 
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It  is  shown  that  various  flames,  both  earth-connected  and  isolated, 
have  an  exceedingly  great  power  of  discharging  both  kinds  of  electricity. 

The  effects  in  regard  to  discharge  are  shown  to  be  similar  when  plati- 
num wire,  rendered  hot  by  a  galvanic  current,  is  used,  and  also  when  the 
condensed  electricity  of  a  Leyden  jar  is  experimented  on. 

As  hot  iron  shows  a  preferential  power  of  discharging  —  over  + 
electricity,  so  it  is  found  that  white-hot  but  isolated  iron  refuses  to  be 
charged  either  with  +  or  —  electricity.  As  the  iron  cools,  it  acquires 
first  the  power  of  receiving  —  and  afterwards  of  receiving  +  •  Further, 
while  white-hot  iron  in  contact  with  an  electrified  body  prevents  that 
body  from  retaiQing  a  charge  of  either  kind  of  electricity,  as  it  cools  it 
permits  a  +  charge  to  be  received,  and  subsequently  a  —  one. 

A  suggestion  is  made  as  to  the  existence  of  an  electrical  coercitive 
force,  the  presence  of  which  together  with  its  diminution  by  heat  would 
explain  much  of  what  has  been  described. 


February  20,  1873. 
Rear-Admiral  RICHARDS,  C.B.,  Vice-President,  in  the  Chair. 
The  following  communications  were  read  : — 

I.  *'  On  the  Anatomy  and  Histology  of  the  Land-Planarians  of 
Ceylon,  with  some  Account  of  their  Habits,  and  a  Description 
of  two  new  Species,  and  with  Notes  on  the  Anatomy  of  some 
European  Aquatic  Species.^^  By  H.  N.  Moseley,  M.A., 
Exeter  College,  Oxford.  Communicated  by  G.  Rolleston, 
M.D.,  Linacre  Professor  of  Anatomy  and  Physiology  in  the 
University  of  Oxford.     Received  January  16,  1873. 

(Abstract.) 

The  writer  commences  by  expressing  his  great  obligations  to  Professor 
Rolleston,  whose  pupil  he  formerly  was.  Professor  Rolleston  first  in- 
formed him  of  the  existence  of  Land-Planarians  in  Ceylon,  and  of  the 
importance  of  investigating  them.  The  paper  was  at  first  intended  to  be 
a  joint  one,  and  Professor  Rolleston  himself  made  a  number  of  prepara- 
tions of  Ehynchodemvs,  one  of  which  is  figured.  He  likewise  rendered 
great  aid  in  the  bibliography,  and  by  constant  suggestions  and  assistance 
during  the  progress  of  the  work. 

Two  new  species  of  Land-Planarians  from  Ceylon  are  described, — one 
belonging  to  the  genus  Bipalium  (Stimpson),  B,  Ceres,  the  other  to  that 
of  BhynchodemuSj  E.  Thwaitesii,  so  called  after  Mr.  G.  H.  K.  Thwaites, 
FJR.S.,  the  illustrious  curator  of  the  Peradeniya  Gardens,  by  whose 
assistance  the  specimens  made  use  of  were  procured. 
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Lbts  are  giyen  of  aU  the  known  species  of  BipaUtim  and  Bhynchodemus, 
and  also  a  map  to  show  the  distribution  of  Bipalium  in  space. 

With  regard  to  the  habits  of  BipaUum^  the  most  interesting  fact^ 
noted  are  that  these  animals  use  a  thread  of  their  body-slime  for 
suspension  in  air,  as  aquatic  Flanarians  were  observed  to  do  for  their 
suspension  in  water  by  Sir  J.  DalyeU,  and  the  cellar-slug  does  for  its 
suspension  in  air.  The  projection  of  small  portions  of  the  anterior 
margin  of  the  head  in  the  form  of  tentacles,  originallj  observed  by  M. 
Humbert,  becomes  interesting  in  connexion  with  the  discovery  of  a  row 
of  papilke  and  ciliated  pits  in  that  region.  The  anatomy  of  the  Planarians 
was  studied  by  means  of  vertical  and  longitudinal  sections  from  hardened 
specimens.  The  skin  in  Bipalium  and  BhynchocUmus  closely  conforms  to 
the  Planarian  type,  but  is  more  perfectly  differentiated  histologically 
than  in  aquatic  species,  and  approaches  that  of  the  leech  in  the  distribu- 
tion, colour,  and  structure  of  its  pigment,  and  especially  in  the  arrange- 
ment of  the  glandular  system.  The  superficial  and  deep  glandular 
system  of  the  leech  are  both  here  represented.  In  B,  Ceres  peculiar 
glandular  structures  exist,  which  may  foreshadow  the  segmental  organs  of 
Annelids,  it  being  remembered  that  these  segmental  organs  are  solid  in  an 
early  stage  of  development.  Bod-like  bodies  (Stabchen  or  stabchenfor- 
mige  Korper)  are  present  in  abundance,  though,  singularly  enough.  Max 
Schultze  failed  to  find  any  in  Geoplana.  These  rod-like  bodies  are  pro- 
bably homologous  with  the  nail-like  bodies  of  Nemertines ;  and  it  is  pos- 
sible that  the  setsD  of  Annelids  are  modifications  of  them.  No  light  is 
thrown  by  the  structure  of  these  bodies  in  Bipalium  on  the  question 
whether  they  are  homologous  with  the  urticating  organs  of  Ccelenterata. 

The  muscular  arrangement  in  Bipalium,  which  is  very  complex,  throws 
great  light  on  the  homologies  between  the  muscular  layers  of  TurbeUaria 
and  those  of  other  Vermes.  It  is  commonly  said  that  whilst  in  all  other 
Vermes  the  external  muscular  layer  is  circular,  and  the  longitudinal  internal, 
in  Turbellarians  the  reverse  is  the  case.  A  wide  gulf  is  thus  apparently 
placed  between  these  groups.  In  Bipalium  there  is  an  external  circular 
muscular  coat,  which  even  presents  the 'same  imbricated  structure  which  is 
found  in  it  in  leeches  and  other  worms.  In  Dendroccdum  lacteum  there 
is  also  an  external  circular  coat.  In  cases  where  a  distinct  external 
circular  muscular  coat  is  absent,  it  is  represented  by  a  thick  membrane, 
which  is  very  probably  contractile.  The  question  resolves  itself  simply 
into  a  more  or  less  perfect  fibrillar  differentiation  of  that  membrane.  All 
TurbeUarians  are  bmlt  on  the  same  essential  type,  as  regards  muscular 
arrangement,  as  are  other  worms.  The  general  muscular  arrangements 
in  the  bodies  of  the  Bipalium  and  Bkj/nchodemus  have  become  much 
modified  from  those  of  flat  Planarians  by  the  pinching  together  and 
condensation  of  the  body,  but  they  are  nevertheless  referable  to  the 
same  t3rpe. 

The  digestive  tract  consists  of  three  tubes  (one  anterior,  two  posterior), 
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M  in  oiber  PlanarianB,  and  as  in  the  embiyo  leech  before  the  formation 
of  the  anus.  Characteristie  of  land-PIanarians,  and  consequent  on  the 
Goodeniation  of  the  body,  is  the  absence  of  all  diverticiilae  from  the  inner 
aspects  of  the  two  posterior  digestive  tubes.  This  is  found  to  be  the 
case  in  Qeoplana,  Bipalium,  Rhtfnehodemiu,  and  Otodrgmut.  The  close 
■pproxinuttion  of  the  intestiDal  diverticula  in  Bipalium  and  Sht/nehodemui, 
and  the  reduction  of  the  intervening  tissue  to  a  mere  membranous 
septum,  is  very  striking,  and  seems  to  foreshadow  the  condition  of  things 
jn  Annelida.  The  great  difference  in  the  form  of  the  mouth  in  Shyneho' 
detmu  and  Bipalium  is  also  remarkable,  considering  the  many  points  in 
which  these  forms  are  closely  allied. 

A  pair  of  lai^e  water-vascular  trunks,  or,  as  they  are  here  termed, 
primitive  vaacular  tnmks,  are  conspicuous  objects  in  transverse  sections 
of  the  bodies  of  Bipalium  and  Shynchodtmus.  A  peculiar  network  of 
connective  tissue  is  characteristic  of  these  vascular  canals  ou  section,  and 
is  shown  to  present  exactly  similar  features  in  LtpU^larta  tmnellarit, 
Dendrwxdwm  laeUum,  and  Bothno(fphaJu»  latu*.  The  close  agreement  in 
the  relative  position  of  the  oviducts  to  the  vascular  canals  in  Dendrocalam 
and  our  land-Planarians  is  very  remarkable.  This  primitive  vascular 
system  ia  homologous  with  the  body-cavity  present  in  the  embryo  leech 
and  in  BranekiobdeUa  throughout  life.  It  is  not  necessarily  an  excretory 
system,  though  the  term  wat«r-Tascular  system  has  been  generally 
considered  to  imply  such  a  function  for  it.  The  nerves  and  ganglia  of 
Planarians  lie  within  the  primitive  vascular  system,  as  do  the  corre- 
sponding structures  within  the  primitive  body-cavity  of  the  leech. 

Branches  from  the  primitive  vascular  system  in  Bipalium  serve  to 
erect  the  penis,  and  probably  supply  the  glandular  tissue  with  fluid  for 
secretion ;  others  possibly  proceed  to  the  ciliated  sacs  in  the  head,  and 
perform  an  excretory  function.  A  small  marine  Planarian  was  found  to 
contain  hemoglobin.  In  Bipalium  there  are  a  series  of  separate  testes 
disposed  in  pairs,  as  in  the  leech.  In  ^yicAo(/<!niii«  the  t«sticular  cavities 
are  more  closely  packed,  and  follow  no  such  definite  arrangement.  The 
ovaries  are  simple  sacs  in  both  Bipalium  and  Bhynehodemwi,  and  are 
placed  very  far  forwards  in  the  head,  a  long  distance  from  the  uterus. 
In  ffifM^um  short  branches  given  off  from  the  posterior  positions  of  the 
oviduct  are  the  rudiments  of  a  ramified  ovary,  such  as  erists  in  Dendro- 
ae&rni  laeUum.  There  are  also  glands  present,  which  probably  represent 
the  yelk-gUnda  and  shell-making  glands  of  aquatic  Planarians  in  a  more 
or  less  rudimentary  condition.  There  ia  a  comparatively  simple  penis 
and  female  receptive  cavity  in  both  Bipalium  and  Bhynchodtmut.  In 
Bipalium  there  is,  further,  a  glandular  cavity  at  the  base  of  the  penis 
(prostate).  The  organs  described  as  nenous  ganglia  by  Blanchard  in 
Pt^ydadiu  are  almost  certainly  its  testes  and  ovaries  ;  and  therefore  the 
arrangement  of  these  bodies  in  Polyeladut  is  the  same  as  that  in 
mpaJium. 
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The  diam  of  nerroiu  gang^  described  as  engtiog  in  BipdUum 
(Sphyroeephaims)  bj  Scfamaidm,  and  wbich  has  been  lefmed  to  b j  00 
manj  authors,  does  not  exist.  There  is  no  doubt  that  Sdunaida  mistook 
the  ovaries  and  testes  for  ganglia.  The  real  nenroos  system  is  ill-defined, 
but  appears  to  consist  of  a  network  of  fibres  without  gan^tuMi-eells, 
which  lies  within  the  primitive  vascnlar  canals.  In  Leptoplana  tremd- 
laris  the  stmetnre  of  the  gan^cmic  masses  is  remarkablj  complex  in  the 
arrangement  of  the  fibres ;  and  well-defined  ganglion-cells  of  varioos  sizes 
are  present  and  have  a  definite  arrangement. 

Nomerons  eye-spots  are  present  in  BipaUum^  most  of  them  being 
grouped  in  certain  regions  in  the  head,  but  some  few  bong  found  all 
over  the  upper  surface  of  the  body,  even  down  to  the  tail.  The  eye- 
spots  appear  to  be  formed  by  modification  of  single  cells.  In  Bhyneha^ 
demus  two  eyes  only  are  present.  All  gradations  would  appear  to  exist 
between  the  simple  unicellular  eye-spot  of  Bipalium  and  the  more 
complex  eye  of  Leptoplana  or  Geo<L^smus,  where  the  lens  is  split  up  into 
a  series  of  rod-like  bodies,  forming  apparently  a  stage  towards  the 
compound  eyes  of  Articulata.  It  is  quite  probable  that  these  compound 
eyes  have  arisen  by  such  a  splitting  up  into  separate  elements  of  a  single 
eye,  and  not  by  fusion  of  a  group  of  unicellular  eyes,  such  as  those  of 
Bipalium.  A  peculiar  papillaiy  band  runs  along  the  lower  portion  of  the 
margin  of  the  head  of  Bipalium,  The  delicate  papilke  are  in  the  form 
of  half  cylinders,  ranged  vertically  side  by  side.  Between  the  upper  ex- 
tremities of  the  papilla?  are  the  apertures  of  peculiar  ciliated  sacs.  The 
papilla,  from  the  mode  in  which  the  animal  makes  use  of  them,  are  pro- 
bably endowed  ii-ith  a  special  sense-function.  The  sacs  may  have  a  similar 
office,  or  they  may  be  in  connexion  with  the  primitive  vascular  system, 
and  have  an  excretory  function ;  they  may  further  be  homologous  with 
the  ciliated  tubes  in  Xemertines. 

In  considering  the  general  anatomy  of  Bipalium^  it  is  impossible  to 
help  being  struck  by  the  many  points  of  resemblance  between  this  animal 
and  a  leech.  Mr.  Herbert  Spencer  has,  in  his  '  Principles  of  Biology,' 
placed  a  gulf  between  Planarians  and  Leeches  by  denoting  the  former  as 
secondary,  the  latter  as  tertiary  aggregates,  so  called  because  consisting 
of  a  series  of  secondary  aggregates  formed  one  behind  the  other  by  a 
process  of  budding.  It  is  obWous,  however,  that  a  single  leech  is  directly 
emnparable  to  a  single  Bipalium,  The  successive  pairs  of  testes,  the  posi- 
of  the  intromittent  generative  organs,  the  septa  of  the  digestive  tract, 
most  of  all,  the  pair  of  posterior  cscca,  are  evidently  homologous  in 

t^feifo  mimals.    Further,  were  leeches  really  tertiary  aggregates,  the  fact 

•mely  come  out  in  their  development,  or  at  least  some  indication 

miDde  of  their  genesis  would  survive  in  the  development  of  some 

Such,  however,  is  not  the  case.     The  young  worm  or  leech  is 

misegmented,  like  a  Planarian,  and  the  traces  of  s^mentation 

mbsequently  in  it,  just  as  do  the  protovertebne  in  vertebrateB 
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which  Mr.  Spencer  calls  secondarj  aggr^ates.  If  Mr.  Spencer's  hjpo- 
thesis  was  correcfc,  we  should  expect  to  find  at  least  some  Annelid  deve- 
loping its  segments  in  the  egg  as  a  series  of  buds.  It  is  not,  of  course, 
here  meant  to  be  concluded  that  Annelids  are  not  sometimes  in  a 
oondifdon  of  tertiary  aggr^ation,  as  Nais  certainly  is  when  in  a  budding 
condition^  but  that  ordinarily  they  are  secondary  and  not  tertiary  aggre- 
gates ;  and  if  so,  then  so  also  are  Arthropoda. 

Much  more  information  concerning  the  anatomy  of  Planarians  will  be 
required  before  it  will  be  possible  to  trace  the  line  of  descent  of  Bipalium 
and  Bhytu^u>demus^  and  determine  what  was  the  form  of  their  aquatic 
ancestors.  In  the  absence  of  accurate  accounts  of  the  structure  of  the 
American  Land-Planarians,  and  even  of  the  European  Bhynchodenxus 
temstrisy  the  question  is  very  puzaling.  The  formation  of  either  one  of 
the  two  forms  Bipalium  or  BJiynchodemus  might  be  accounted  for  with 
comparative  ease,  &om  the  arrangement  of  parts  in  the  flat  head  of 
BipaiMun.  From  the  tree-like  branching  of  the  digestive  tract  in  that 
region,  the  corresponding  ramification  of  the  vascular  system,  and  general 
muscular  arrangement,  it  might  be  imagined  that  Bipalium  had  come 
from  a  flattened  parent  of  the  common  Planarian  form,  and  that  all  the 
body  except  the  head  had  become  rounded  and  endowed  with  an 
ambulacnJ  line.  In  nearly  all  points,  except  the  eyes  and  the  absence 
of  branches  to  the  oviduct,  Bipalium  seems  more  highly  specialized  than 
BhynehodemuB,  We  might  imagine  that  Bhynchodtm  us  and  Bipalium  had  a 
common  parent,  and  that  when  an  ambulacral  line  was  just  beginning  to 
be  developed,  the  two  forms  took  different  lines — Bhynchodtmus  losing  all 
traces  of  the  original  flatness  of  its  ancestor,  and  never  developing  any 
ciliated  sacs  or  papill®,  but  cherishing  a  single  pair  of  large  eyes  at  the 
expense  of  all  the  rest  which  it  possessed,  its  testes,  moreover,  remaining 
in  a  comparatively  primitive  condition.  But  then  comes  the  difficulty 
about  the  great  difference  in  shape  in  the  phar3mxes  of  the  t^'o  forms  ; 
and  if  it  be  suggested  that,  as  is  highly  probable,  several  or  many  aquatic 
Planarians  have  taken  to  terrestrial  habits,  and  that  Bipalium  has  been 
derived  from  a  form  like  Leptoplana^  with  a  folded  pharynx,  whilst 
Bhynchodemus  came  from  an  ancestor  \^dth  a  tubular  one,  it  is  difficult 
to  account  for  the  many  points  of  close  resemblance  between  these  two 
forms,  and  especiaUy  their  similarity  in  external  colouring,  though  this 
latter  may  perhaps  be  explained  by  mimicry.  On  the  whole,  it  is  evident 
that  a  close  study  of  the  anatomy  of  Land-Planarians  cannot  fail  to  lead 
to  interesting  results,  and  it  is  hoped  that  this  memoir  may  lead  to 
further  work  of  the  same  kind.  It  would  be  of  especial  value  to  have  a 
good  account  of  the  anatomy  of  Qeodesmus  and  BhynchocUmus  sylvaticus. 
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II.  ^'  On  a  new  Locality  of  Amblygonite,  and  on  Montebrasite,  a 
new  Hydrated  Aluminium  and  Lithium  Phosphate/'  By  A.  O. 
Des  Cloizeaux.  Communicated  by  Prof.  W.  H.  Miller, 
Foreign  Secretary  R.S.     Received  November  27,  1871. 

(Abstract.) 

A  mineral  found  in  1862  at  Hebron,  Maine,  U.  S.  A.,  after  a  mere 
tentative  examination  by  Professor  Brush,  who  announced  the  presence 
in  it  of  lithia  in  considerable  quantity,  resembled  the  amblygonite  of  Penig 
so  closely  as  to  lead  to  its  being  looked  on  as  amblygonite.  The  crys- 
talline system  and  birefringent  optical  characters  of  this  mineral  were 
determined  by  the  author  in  1863.  In  1870  a  mineral  found  in  the  tin 
vein  of  Montebras  (Creuse),  though  resembling  the  amblygonite  of  Hebron, 
appeared  to  the  author  to  difEer  from  it  so  far  as  to  justify  his  designation 
of  it  under  the  name  of  Montebrasite.  Towards  the  close  of  1871  he 
received  another  specimen  from  Montebras,  which  presented  aU  the  cha- 
racters of  the  American  amblygonite,  and  which  consequently  was  easily 
distinguished  from  the  montebrasite.  Subsequently,  analyses  by  Pisani, 
V.  Kobell,  and  Rammelsberg,  and  optical  observations  by  the  author, 
proved  the  identity  of  the  montebrasite  of  Montebras  with  the  ambly- 
gonite from  Penig.  But  this  is  not  the  case  with  the  amblygonite  from 
Hebron, nor  with  that  from  Montebras,  which  had  been  analyzed  by  Pisani. 
These  differ  from  the  amblygonites  of  Saxony  and  Montebras  (which  last  he 
had  previously  named  montebrasite)  by  the  absence  of  soda,  by  the  pre- 
ponderance of  lithia,  and  the  presence  of  a  notable  amount  of  water,  while 
at  the  same  time  they  contain  almost  equal  proportions  of  phosphoric  acid 
and  alumina. 

The  differences  which  these  two  minerals  present  in  their  physical  and 
chemical  characters  are  sufficiently  decided  to  compel  our  treating  them 
as  distinct  species.  The  name  amblygonite  should  be  retained  for  the 
sodolithic  species  first  discovered  at  Penig  by  Breithaupt,  and  the  white 
or  violet-tinted  lamellar  masses  abundant  at  Montebras  will  be  included 
under  it ;  the  hydrated  and  entirely  lithic  species  comprising  the  laminar 
specimens  and  the  crystals  from  Maine,  as  well  as  some  greenish  masses 
from  Montebras,  should  be  embraced  under  the  name  montebrasite. 

The  amblygonite  of  Montebras  has  only  been  met  with  in  laminar 
masses  with  a  faint  tinge  of  violet.  These  masses  exhibit  two  cleavages 
presenting  nearly  the  same  degree  of  facility,  making  with  one  another 
an  angle  of  105°  44'.  Close  observation  shows  that  the  sharpness  of  the 
reflected  images  is  generally  a  little  greater  on  one  of  the  cleavages 
than  on  the  other ;  and  this  induces  one  to  suppose  that  they  do  not  both 
belong  to  equivalent  crystal! Graphic  planes.  The  study  of  some  of  their 
optical  properties,  thou;^h  presenting  certain  special  difficulties,  arising 
from  tlie  small  extent  of  the  transparent  portions  and  the  presence  of 
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numerous  twin  plates,  even  in  the  specimens  that  to  all  appearance  are 
the  most  homogeneous,  has  proved  that  the  laminar  masses  of  montebrasite 
must  be  referred  to  the  triclinic  system.  The  optic  axes  are  situated  in 
a  plane  which  divides  into  two  very  unequal  parts  the  acute  angle  of 
74°  16'  of  the  two  cleavages.  This  direction  is  entirely  d'tfferent  from 
that  found  for  montebrasite  of  Hebron  and  of  Montebras,  in  which  the 
plane  of  the  axes  lies  in  the  obtuse  angle  of  105°  formed  by  the  two  prin- 
cipal cleavages. 

The  appearance  of  the  bars  traversing  the  central  ring  of  each  system 
indicates  very  distinctly  a  twisted  dispersion,  as  well  as  a  small  amount  of 
inclined  dispersion,  which  is  characteristic  of  a  crystal  belonging  to  the 
triclinic  system. 

In  November  1871  the  author  received  a  specimen  from  the  middle  of 
a  mass  of  amblygonite  from  Montebras  resembling  the  mineral  from 
Hebron.  It  has  three  principal  cleavages,  2>,  w»,  ^  which  the  author 
recognized  in  the  mass  from  Hebron,  the  angles  between  which  are 
p  m=105°,  w^=135°  to  136°,i>  e=89°  to  89°  15'. 

By  means  of  artificial  twins  formed  of  two  plates,  each  of  which  had 
been  worked  perpendicular  to  the  two  cleavages  p  and  m,  and  which  were 
united  by  their  faces  p,  it  appeared  that  the  plane  of  the  optic  axes  is 

situated  in  the  obtuse  angle  p  w,  and  traverses  the  edge  ^ ,  but  that  it  is 

in 

not  quite  normal  to  w,  since  it  gives  angles  of  about  82°  with  m  and  23° 
with  p.  The  character  of  the  coloured  rings  shows  that  in  montebrasite 
of  Montebras,  as  in  that  from  Hebron,  there  coexists  with  the  horizontal 
a  weU-marked  inclined  dispersion  ;  and  these  are  peculiar  to  crystals  of 
the  triclinic  system. 


Analyses  by  M,  Pisanu 

Hebron.  Montebras. 

Fluorine 5-22  3-80 

Phosphoric  acid 46*65  47*15 

Alumina 36-00  36-90 

Lithia 9-75  9-84 

Water 4-20  4-75 

101-82  102-44 

Specific  gravity 3-03,  Pisani.  3-01,  Pisani. 

2-99,  Damour.  2-977,  Damour. 

Wavellite,  in  the  form  of  thin  coatings,  forms  a  layer  over  almost  all 
the  fissures  that  occur  in  the  amblygonite  of  Montebras.  In  cavities  in 
these  coatings  are  found  long  thin  needles,  which  have  enabled  the  author 
to  correct  the  older  measurements  of  this  mineral. 
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M.  Pisani  has  ascertained  that  the  variety  from  Montebras  yields : — 

Fluorine 2-27 

Phosphoric  acid 34*30 

Alumina : 38*25 

Water 26*60 

101-42 
Specific  gravity     2*33 


February  27,  1873. 

WILLIAM  SPOTTISWOODE,  M.A.,  Treasurer  and  Vice- 

President,  in  the  Chair. 

The  following  commimication  was  read : — 

"  On  Leaf-Arrangement.''    By  Hubert  Aiey,  M.A.,  M.D.    Com-* 
munieated  by  Charles  Darwin,  F.R.S.    Received  January  21, 

1873. 

(Abstract.) 

Assuming,  as  generally  kno\ni,  the  main  facts  of  leaf-arrangement, — 
the  division  into  the  whorled  and  spiral  types,  and  in  the  latter  more 
especially  the  establishment  of  the  convergent  series  of  fractions,  |,  ^, 
h  h  ^isy  A'  H'  H»  IJ'  t¥4'  &«.,  as  representatives  of  a  corresponding 
series  of  spiral  leaf -orders  among  plants, — we  have  to  ask,  what  is  the 
meaning  that  lies  hidden  in  this  law  ? 

Mr.  Darwin  has  taught  us  to  regard  the  different  species  of  plants  as 
descended  from  some  common  ancestor  ;  and  therefore  we  must  suppoee 
that  the  different  leaf -orders  now  existing  have  been  derived  by  different 
degrees  of  modification  from  some  common  ancestral  leaf-order. 

One  spiral  order  may  be  made  to  pass  into  another  by  a  twist  of  the 
axis  that  carries  the  leaves.  This  fact  indicates  the  way  in  which  all  the 
spiral  orders  may  have  been  derived  from  one  original  order,  namely  by 
means  of  different  degrees  of  twist  in  the  axis. 

We  naturally  look  to  the  simplest  of  existing  leaf-orders,  the  two- 
ranked  alternate  order  ^,  as  standing  nearest  to  the  original;  for  it  is 
manifest  that  the  orders  at  the  other  extreme  of  the  series  (the  condensed 
arrangement  of  scales  on  fir-cones,  of  florets  in  heads  of  Compasitm,  of 
leaves  in  close-ljdng  plantains,  &c.)  are  special  and  highly  developed 
instances,  to  meet  special  needs  of  protection  and  congregation :  they 
are,  without  doubt,  the  latest  feat  of  phyllotactic  development ;  and  we 
may  be  sure  that  the  course  of  change  has  been  from  the  simple  to  the 
complex,  not  the  reverse.  This  point  will  be  illustrated  by  e3q>erimeiit 
below. 
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But  first,  what  are  the  uses  of  these  orders  ?  and  at  what  period  of  the 
leafs  life  does  the  advantage  of  leaf-order  operate  ?  The  period  must  be 
that  at  which  the  leaf-order  is  most  perfect :  not,  therefore,  when  the 
twig  is  mature,  with  long  intemodes  between  the  leaves,  but  while  the 
twig  and  its  leaves  are  yet  in  the  hud ;  for  it  is  in  the  bud  (and  similar 
crowded  forms)  that  the  leaf -order  is  in  perfection,  undisturbed  by  con- 
tortions or  inequalities  of  growth ;  but,  as  the  bud  developes  into  the 
twig,  the  leaves  become  separated,  the  stem  often  gets  a  twist,  the  leaf- 
stalks are  curved  and  wrung  to  present  the  blades  favourably  to  the  light, 
and  thus  the  leaf-order  that  was  perfect  in  the  bud  is  disguised  in  the 
grown  twig. 

In  lateral  shoots  of  yew  and  box  and  silver  fir  we  see  how  leaves  will 
get  their  stalks  twisted  to  obtain  more  favourable  exposure  to  light ;  and 
if  general  distribution  round  the  stem  were  useful  to  the  adult  leaves,  we 
should  expect  the  leaves  of  a  vertical  e^-shoot  (for  example)  to  secure 
such  distribution  by  various  twists  of  stalk  and  stem  ;  but  the  leaf-blades 
of  the  elm  keep  their  two  ranks  with  very  great  regularity.  This  goes 
to  show  that  it  is  not  in  the  mature  twig  that  the  leaf-order  is  specially 
advantageous. 

In  the  hud  we  see  at  once  what  must  be  the  use  of  leaf-order.  It  is 
for  economy  of  space,  whereby  the  bud  is  enabled  to  retire  into  itself  and 
present  the  least  surface  to  outward  danger  and  vicissitudes  of  tempera- 
ture. The  fact  that  the  order  ^  does  not  exhibit  this  advantage  in  any 
marked  degree,  supports  the  idea  that  this  order  is  the  original  from 
which  all  the  more  complex  spiral  orders  have  been  derived. 

The  long  duration  of  the  bud-life  as  compared  with  the  open-air  life 
of  the  leaf  gives  importance  to  the  conditions  of  the  former.  The  open- 
air  life  of  the  bud  is  twelve  months,  and  adding  the  embryo  life  of  the 
bud,  we  have  about  a  year  and  a  half  for  the  whole  life  of  the  bud ;  and 
for  the  twelve  months  of  its  open-air  life  it  is  in  a  state  of  siege,  against 
which  a  compact  arrangement  of  its  embryo-leaves  within  must  be  of 
great  value.  But  the  open-air  life  of  the  unfolded  leaves  is  (except  in 
evergreens)  not  more  than  six  months. 

That  the  order  |  would  under  different  degrees  of  contraction  (with 
twist)  assume  successively  the  various  spiral  orders  that  exist  in  nature, 
in  the  order  of  their  complexity,  ^,  |,  |,  yV>  &<5->  ^^J  ^  shown  by  the 
foUowing  experiment  :— 

Take  a  number  of  spheres  (say  oak-galls)  to  represent  embryo  leaves, 
and  attach  them  in  two  rows  in  alternate  order  (jj)  along  opposite  sides 
of  a  stretched  india-rubber  band.  Give  the  band  a  slight  twist,  to  deter- 
mine the  direction  of  twist  in  the  subsequent  contraction,  and  then  relax 
tension.  The  two  rows  of  spheres  will  roll  up  with  a  strong  twist  into 
a  light  complex  order,  which,  if  the  spheres  are  attached  in  close  contact 
with  the  axis,  wUl  be  nearly  the  order  ^,  with  three  steep  spirals.    If  the 
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spheres  are  set  a  little  away  from  the  axis,  the  order  becomes  oondensed 
into  (nearly)  ^,  with  great  precision  and  stability.  And  it  appears  that 
further  contraction,  with  increased  distance  of  the  spheres  from  the  axis, 
will  necessarily  produce  the  orders  (nearly)  |,  -f^,  -^^  Ac.  in  succession, 
and  that  these  successive  orders  represent  successive  maxima  of  stability 
in  the  process  of  change  from  the  simple  to  the  complex. 

It  also  appears  that  the  necessary  sequence  of  these  successive  steps  of 
condensation,  thus  determined  by  the  geometry  of  the  case,  does  neces- 
sarily exclude  the  non-existent  orders,  |,  ^,  ^,  J,   \,  &c. 

Numbering  the  spheres  from  0  upwards,  it  appears  that,  under  con- 
traction, the  following  numbers  are  brought  successively  into  contact 
with  0,  alternately  to  right  and  left :— 1,  2,  3,  6,  8,  13,  21,  34,  55,  89, 
144,  Ac.  None  of  them  stands  vertically  above  0  while  in  contact  with 
it,  but  a  little  to  the  right  or  a  little  to  the  left ;  and  so  far  the  results  of 
this  experiment  fall  short  of  the  perfect  fractions  ^,  |^,  §,  -^  &c. :  but  in 
this  very  failure  the  results  of  the  experiment  are  more  closely  in  agree- 
ment with  nature  than  are  those  perfect  fractions  themselves ;  for  those 
fractions  give  the  angular  divergence  only  in  round  numbers  (so  to 
speak),  and  lose  account  of  the  little  more,  or  the  little  less,  which  makes 
v^  the  difference  between  a  vertical  rank  and  a  spiral.  In  the  large 
majority  of  spiral-leaved  plants,  one  has  to  be  content  with  "  ^  nearly  " 
or  "  I  nearly,"  and  it  is  difficult  to  find  a  specimen  in  which  the  fraction 
represents  the  order  exactly. 

The  geometrical  relations  of  the  members  of  the  above  series  1,  2,  3, 
5,  8,  13,  &c.  are  as  simple  as  their  nimierical  relations. 

Analysis  of  the  order  seen  in  the  head  of  the  sunflower  and  other 
examples,  by  cousideration  of  their  several  sets  of  spirals,  presents  a 
striking  agreement  with  the  above  synthetical  process.  In  the  sunflower, 
a  marginal  seed  taken  as  0  is  found  to  be  in  contact  with  the  34th,  the 
55th,  and  the  89th  (counted  in  order  of  growth),  and  even  with  the 
144th,  if  there  is  not  contact  with  the  34th.  The  dandelion,  with  a  lower 
degree  of  condensation,  has  0  in  contact  with  the  13th,  the  21st,  and  the 
34th  in  large  specimens  ;  the  house-leek  in  its  leaf-order  has  0  in  con- 
tact \iith  the  5th,  8th,  and  13th ;  the  apple-bud  has  0  in  contact  with 
the  2nd,  3rd,  and  5th ;  and  thus  we  see  that  in  nature  the  very  same 
series  of  numbers  is  found  to  have  contact-relation  with  0,  which  we 
have  already  seen  possessing  that  relation  in  the  experimental  conden- 
sation of  the  order  \. 

Difference  of  leaf-order  in  closely  allied  species  (e.  g.  Plantago  major 
and  P.  coronopus)  is  found  in  close  relation  to  their  different  habits  and 
needs. 

The  prevalence  of  the  order  |  in  marine  Algas^  and  in  Graminece,  a  low- 
developed  gregarious  group,  and  its   singular  freedom  from  individual 
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Tariation  in  that  group  and  in  elm,  beech,  &c.,  support  the  view  that  this 
order  is  the  original  of  the  spiral  orders. 

In  many  plants  we  find  actual  transition  from  the  order  |  to  an  order 
more  complex,  as,  for  instance,  in  Spanish  chestniUj  laurds,  nut,  ivy; 
and  these  instances  agree  in  presenting  the  complex  order  in  the  buds 
that  occupy  the  most  exposed  situations,  while  they  retain  the  simple  i 
in  the  less  exposed  lateral  buds.  Several  kinds  of  aloe  have  the  order  ^ 
in  their  basal  leaves  and  a  higher  order  in  the  remainder.  A  species  of 
cactus  often  contains  a  complete  epitome  of  phyllotaxy  in  a  single  plant 
or  even  in  a  siugle  shoot. 

Shoots  of  acaeia  often  present  a  zigzag  disposition  of  their  leaves,  on 
either  side  of  the  branch,  which  seems  unintelligible  except  as  a  distortion 
of  an  original  two-ranked  order. 

The  prevalent  two-ranked  arrangement  of  rootlets  or  roots  seems  to  be 
a  survival  underground  of  an  order  which  originally  prevailed  through 
tlie  whole  plant,  root,  stem,  and  branch. 

In  the  whole  Monocotyledonous  class  the  first  leaves  in  the  seed  have 
the  order  |. 

In  the  Dicotyledonous  class  the  first  leaves  in  the  seed  have  the 
flimpleet  order  of  the  whorled  type. 

As  the  spiral  orders  have  probably  been  derived  from  a  two-ranked 
alternate  arrangement,  so  the  whorled  orders  have  probably  been  derived 
from  a  two-ranked  collateral  (two  abreast)  arrangement.  This  is  illus- 
trated by  an  experiment  similar  to  the  former ;  and  it  is  seen  that  suc- 
cessive parallel  horizontal  pairs  of  spheres  are  compelled  under  contraction 
to  take  position  at  right  angles  to  one  another,  exactly  in  the  well-known 
crucial  or  decussate  order.  These  whorls  of  two  contain  potentially 
whorls  of  three  and  four,  as  is  seen  in  variations  of  the  same  plant ;  but  the 
experiment  does  not  show  the  change. 

The  reason  of  the  non-survival  of  the  (supposed)  two-ranked  collateral 
order  Kes  in  its  manifest  instability ;  for  under  lateral  pressure  it  would 
assume  the  alternate,  and  under  vertical  the  crucial  order. 

The  bud  presents  in  its  shape  a  state  of  equilibrium  between  a  force 
of  contraction,  a  force  of  constriction,  and  a  force  of  growth. 

To  sum  up,  we  are  led  to  suppose  that  the  original  of  all  existing  leaf- 
orders  was  a  two-ranked  arrangement,  somewhat  irregular,  admitting  of 
two  r^ular  modifications,  the  alternate  and  the  collateral ;  and  that  the 
alternate  has  given  rise  to  all  the  spiral  orders,  and  the  collateral  to  all  the 
whorled  orders,  by  means  of  advantageous  condensation  in  the  course  of 
ages. 
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"  On  the  Combined  Action  of  Heat  and  Pressure  upon  the  Pa- 
raflBns/*  By  T.  E.  Thorpe  and  John  Young,  of  the  Ander- 
sonian  University,  Glasgow.  Communicated  by  Prof.  H.  E- 
BoscoE,  F.B.S.     Beceived  June  5,  1872*. 

1.  In  a  preliminary  communication  read  before  the  Boyal  Society  on 
March  9th,  1871t,  we  described  the  combined  effect  of  heat  and  pressure 
upon  the  solid  paraffins.  We  showed  that  when  these  substances  are 
exposed  to  a  high  temperature  in  a  closed  vessel  they  are  almost  com- 
pletely resolved,  with  the  evolution  of  but  little  gas,  into  hydrocarbons, 
which  remain  liquid  at  the  ordinary  temperature.  This  transformation 
may  be  easily  effected  on  the  small  scale.  A  few  grms.  of  ordinary 
paraffin  are  sealed  up  in  a  piece  of  strong  combustion-tubing  bent  in  the 
form  of  the  letter  y :  the  tube  is  securely  surrounded  by  stout  wire 
gauze,  and  the  limb  containing  the  paraffin  is  gently  heated  along  its 
entire  length  in  a  gas  combustion-furnace.  If  the  heat  is  properly  re- 
gulated, the  paraffin  rapidly  distils  over  and  solidifies  in  the  cold  portion 
of  the  tube.  The  gas-flames  are  then  turned  down,  the  tube  reversed, 
and  the  paraffin  again  distilled.  After  a  very  few  repetitions  of  this 
process  the  paraffin  acquires  the  consistency  of  butter,  and  the  warmth 

«  Bead  June  20, 1872.    See  abstract,  vol.  xx.  p.  48a 
t  Proc.  Roy.  Soc.  vol.  xix.  p.  370. 
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of  the  hand  is  sufficient  to  liquefy  it,  and  after  about  a  dozen  distillations 
it  remains  permanently  liquid.  Although  there  is  no  difficulty  in  thus 
ultimately  effecting  the  resolution  of  the  solid  paraffin  into  liquid  pro- 
ducts, the  rapidity  of  the  transformation  seems  to  be  dependent  upon 
conditions  which  we  cannot  yet  say  we  haye  satisfactorily  determined. 
On  one  occasion,  after  all  the  paraffiji  had  been  distilled  over  and  had 
solidified  in  the  colder  limb  of  the  tube,  the  empty  portion  in  contact 
with  the  flame  became  softened  and  blew  out,  when  instantly,  on  the 
removal  of  the  pressure,  the  solid  matter  became  liquid,  and  slightly 
effervesced  as  if  gas  had  been  condensed  in  the  substance  by  the  pressure 
to  which  it  had  been  subjected.  It  seems  to  be  absolutely  necessary 
that  the  paraffiji  should  be  thus  distilled  over  and  condensed  ;  by  merely 
heating  it  in  the  tube  in  such  a  manner  that  the  condensed  vapours  flow 
back  again  upon  the  heated  portion,  the  liquefaction  of  the  paraffin  is 
never  accomplished.  About  6  grms.  of  a  pure  paraflin,  melting  at 
41^*5  C.  (see  section  12),  were  heated  in  a  sealed  tube  to  about  200°  for 
twelve  hours,  but  the  melting-point  remained  unchanged.  The  same 
portion  of  paraffin  was  then  transferred  to  a  y-tube  surrounded  by 
wire  gauze,  and  distilled  backwards  and  f  omnrds  in  the  combustion- 
furnace.  After  six  distillations  it  was  rendered  completely  liquid.  The 
total  quantity  of  liquid  obtained  was  about  6  cub.  ccntims.  On  gently 
warming  it,  bubbles  of  gas  were  evolved,  and  the  liquid  was  in  full 
ebullition  at  40^,  but  only  about  one  sixth  came  over  below  100° ;  about 
2^  cab.  centims.  distilled  between  100°  and  200°,  and  nearly  the  whole 
of  the  remainder  below  300°;  the  small  quantity  remaining  solidified 
when  the  bulb  was  plunged  into  cold  water. 

2.  It  appears  that  only  paraffins  boiling  at  an  extremely  high  tempo- 
raturey  and  those  usually  solid  under  ordinary  conditions,  are  thus  sus- 
ceptible of  decomposition.  The  readiness  with  which  they  yield  liquid 
hydrocarbons  appears  to  depend  upon  the  complexity  of  their  constitu- 
tion* We  have  not  determined  with  certainty  the  limits  of  the  decom- 
position; but  we  find  that  the  paraffin  (and  olefine)  boiling  at  about  255° 
(see  section  11)  may  be  repeatedly  distilled  backwards  and  forwards  in  a 
sealed  y-tabe  without  suffering  the  slightest  change.  6-7  grms.  of  the 
miztare  of  hydrocarbons  were  distilled  backwards  and  forwards  twenty- 
one  tames ;  but  on  opening  the  tube  no  gas  was  evolved,  and  the  boiling- 
point  (2529-255°  uncorrected)  remained  unaltered.  A  further  proof  of 
its  unalterability  on  repeated  distillation  under  pressure  is  afforded  by  its 
reactibn  with  bromine  (see  section  5). 

I«  9*38  grms.  of  the  mixed  hydrocarbons  before  distillation  required 
2*95  grms.  of  bromine  before  the  liquid  became  permanently  reddened ; 
100  parts  by  weight  would  require  31*4. 

H.  8*605  grms.  hydrocarbon  before  distillation  required  2*672  grms.  of 
bromine,  or  100  grms.  would  require  31  of  bromine.  Mean  amount  of 
bromihe  needed  31*2  per  cent. 
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ILL  5*lSgniis.of  the  hydrocarbon  afterrepeateddi8iJU>tioii(21  times) 
required  1'54  gnu.  of  bromine,  or  100  grms.  would  require  30  grms. 

3.  In  the  hope  of  throwing  some  light  apon  the  conetitution  of  the 
solid  par&ffius,  we  have  repeated  this  process  of  tnusfomulaon  into 
liquid  products  upon  a  kirge  scale.  The  paraffin  employed  wbb  obtained 
from  shale ;  it  melted  at  46°  and  solidified  at  43^,  and  had  a  specific 
gravity  of  0-906  at  13°,  when  solidified  under  an  extra  pressure  of 
0*75  millim.  of  mereuiy*. 

It  was  burnt  witb  copper  oxide  in  a  stream  of  oxygen,  with  the  follow- 
ing results: — 

I.  0-2980  gnn.  paraffin  gave  0-9293  grm.  carbon  dioxide  and  0-3980  gnn. 
water. 

II.  An  unknown  quantity  gave  1-4246  grm.  carbon  dioxide  and  0*6060 
grm.  wat«r. 


Osrbon     86-05 

Hydrogen    14-84 


65-14 
14-81 


oT  the  BoUd  p«nfflDi.    Then  dificrenoes  •»  doubt- 
leu  due  more  tolhedifficultjof  abtainiiig  tbebodiw 
perf«ct]j  bomogeneoui  afler  melting  than  to  an; 
great  variations  in  their  true  gpeciflo  gmvitj.    Wben 
s  piece  of  ordinary  pantSn  iienunined,  it  it  aeen  to 
be  made  up  of  an  infinite  number  of  email  oaTitiee ; 
and  hoirever  carefullj  it  ms;  be  cooled  after  melting, 
the  interaticcB  are  inTahablj  preaent.     From  this   I 
cireumitanoe  it  is  obvioux  that  an;  attempt  Ui  deter-   [ 
mine  the  real  epedfo  grarit;  of  thia  bodj  would  give 
too  low  a  result.    Bj  solidifying  the  paraffin  noder   I 
preaaure,  the  formation  of  the  cavitiea  ma;  be,  to  i 
great  eitont,  obviated.    We  have  effeolcd  the  eolidi- 
flcatiOD  in  the  apparatua  figured  in  de  margin. 
Hercnr;  waa  fin4.  poured  into  the  tube  up  to  the   I 
lerel  A  B,  the  bottom  end  of  the  tube  being  eeourelj 
plugged  bj  a  cork  C.    The  wider  portion  D  of  the   I 
tube  was  than  filled  with  the  melted  paraffin,  and    I 
a  well-fitting  oaoutcfaou«  oork  bstened  down  b;  wire   I 
into  the  opening,  care  being  taken  to  eiolnde  all   I 
bnbblee  of  air.    Herrair;  waa  now  quiekl;  poured    [ 
into  the  longer  limb  of  Uie  tube  until  it  etood  about   I 
OSm.  above  the  level  of  the  metal  in  the  wider  tube,   I 
and  under  the  preeaure  oF  thie  mercurj  the  paraffin    I 
wae  allowed  to  wlidil^  ilowl;.    B;  withdra^ng  the 
ewk  C,  the  mer«uT;  oould  flow  oat,  and  on  warming 
the  sides  of  the  tube  the  ping  of  paraffin  waa  eaailj 
<Maohed.  Thui  lolidtfled,  the  bod;  waa  almost  entirel;  &ea  froa)  cniliaf,  and  poctksil 
perTectl;  homogeneous  were  eaiiljr  found  ;  these  had  a  specific  gravity  of  0W6  at  18*. 
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These  numbers  agree  perfectly  with  those  obtained  by  Anderson  many 
years  ago^  from  analysis  of  a  paraffin  identical  in  origin  and  melting- 
point  (45°'5)  with  that  employed  by  us.  Dr.  Anderson  found  for  the 
substance  the  composition : — 

Carbon 85-1 

Hydrogen    15-1 


100-2 


A  sample  of  paraffin  from  peat,  molting  at  40^*7,  gave  : — 

I.  II.  Mean. 

Carbon     84-95  85-23  85-09 

Hydrogen    15-05  15-10  15-10 

100-00  100-39  100-19 

In  the  process  of  conversion  we  replaced  the  bent  glass  tube  above 
described  by  an  apparatus  consisting  of  t^vo  cast-iron  mercury  bottles 
connected  together  by  a  bent  iron  pipe,  in  which  were  fixed  a  stopcock 
and  pzessure-gauge.  One  of  the  bottles  was  charged  with  the  paraffin, 
and  was  heated  over  an  ordinary  coal  fire,  the  heat  being  so  regulated 
tibat  %  pressure  of  20  to  25  lbs.  was  maintained  in  the  apparatus  through- 
out the  operation.  The  volatilized  products  distilled  over  into  the 
BOeond  bottle,  which  acted  as  a  condenser.  In  about  four  or  five  hours 
die  opention  was  concluded,  and  the  distillate  had  the  appearance  of  a 
wyg-**^  of  oil,  and  of  apparently  unaltered  paraffin.  This  mixture  melted 
rt  m  eompantiYely  low  temperature,  the  warmth  of  the  hand  being  suffi- 
flientto  lender  it  completely  liquid. 

Time,  and  a  half  kilograms  of  the  paraffin  yielded  about  4  litres  of 
Sq^lid  hydrocarbons.  On  distillation  the  mixture  commenced  to  boil  at 
IS^y'bilfe  the  quantity  coming  over  below  100°  was  comparatively  small; 
bf' te  flw  greater  portion  boiled  between  200°  and  300°.  A  preliminary 
fldpjttatkm  showed  that  the  4  litres  wore  approximately  made  up  of 
hydroeaxboms  boiling ; — 

UtrcB. 

L  Below  100° 0-3 

n.  From  100-200°    1-0 

m.  From  200-300°    2-7 

",  '  4-0 

A  considerable  quantity  of  substance,  which  could  not  be  distilled 
nidun  the  range  of  the  mercurial  thermometer,  remained  in  the  retort, 
and  solidified  on  cooling  (see  section  12).  Each  of  the  portions  wns  then 
^nhmitted  to  a  systematic  fractional  distillation. 

♦  Bcp.  Brit.  Absoc.  1840. 
TOL.  XXT.  B 
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4.  Fraction  boiling  below  100®. — After  repeated  distillations  over  sodium 
this  portion  was  almost  completely  resolved  into  three  fractions,  boiling 
constantly  at  (1)  32-38°,  (2)  65-70°,  and  (3)  94-97°.  The  quantity 
of  liquid  boiling  below  30°  did  not  amount  to  5  cub.  centims.  Although 
the  distillation  was  conducted  in  winter,  and  freezing-mixtures  of 
snow  and  salt  were  employed  for  the  condensation,  the  greater  portion 
of  the  product  boiling  at  32-38°  came  over  at  about  35°;  this  boiling- 
point  would  indicate  that  the  liquid  is  probably  either  quintane  or  amy- 
lene,  or  a  mixture  of  these  hydrocarbons.  In  order  to  decide  the  point, 
the  distillate  was  treated  with  bromine.  The  liquid  was  violently 
attacked,  and  each  drop  of  bromine  combined  with  the  hydrocarbon  with 
a  hissing  noise ;  so  energetic  was  the  reaction,  that,  in  order  to  moderate 
it,  it  was  necessary  to  immerse  the  hydrocarbon  in  a  freezing-mixture. 
When  proper  care  was  taken  to  cool  the  liquid,  scarcely  a  trace  of  hydro- 
bromic  acid  was  evolved.  In  order  to  prevent  the  possible  formation  of 
higher  brominated  products,  the  addition  of  the  bromine  was  from  time 
to  time  iuterrupted,  and  the  liquid  submitted  to  distillation ;  it  invariably 
commenced  to  boil  at  about  32°,  and  the  distillation  was  maintained  until 
the  thermometer  stood  at  60°.  The  distillate  was  again  treated  with 
bromine  in  the  cold,  and  again  distilled,  the  process  being  repeated 
tmtil  it  was  without  visible  action  upon  the  hydrocarbon, — ^that  is, 
tmtil  the  liquid  was  permanently  reddened.  It  was  then  washed 
with  dilute  potash  solution,  and  rectified  over  sodium;  it  boiled  con- 
stantly at  35-37° ;  the  liquid  was  evidently  quintane,  and  in  all  probability 
normal  quintane,  the  boiling-point  of  which  is  given  by  Schorlemmer  at 
37-39°,  and  by  Warren  at  37°.  The  amount  was  far  too  small  to 
attempt  the  preparation  of  any  derivatives  from  it.  The  brominated  por- 
tion boiling  above  50°  was  then  distilled ;  the  thermometer  rose  rapidly 
to  180°,  and  the  whole  of  the  liquid  came  over  below  200°.  After  re- 
newed distillation  the  liquid  was  found  to  boil  constantly,  but  with 
slight  decomposition,  at  184-188°;  this  compound  is  amylene  dibromide^ 
the  boiling-point  of  which,  according  to  Wurtz,  is  in  the  neighbourhood 
of  180°. 

0-6515  grm.  bromide  gave  1*0125  grm.  Ag  Brand  0*0235  grm. reduced 
silver. 

Calculatdcl.       Found. 

Br 69-5  68-8 

5.  The  fraction  boiling  between  C5°  and  70°,  which  was  at  least  fifty 
times  greater  than  that  boiling  at  32-38°,  was  then  treated  with  bromine ; 
the  bromine  was  absorbed  with  the  same  avidity  as  in  the  preceding  case ; 
and  it  was  equally  necessary  to  cool  the  hydrocarbon  in  order  to  moderate 
the  reaction.  As  soon  as  the  liquid  appeared  permanently  reddened,  it 
was  distilled.  The  portion  boiling  below  80°  was  no  longer  instanHjf 
>ttocked  by  bromine ;  it  was  accordingly  free  from  the  accompanyixig 
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define.  The  distillate  was  then  treated  with  aqueous  potash  to  remove 
Uie  free  bromine,  and  when  colourless  the  hydrocarbon  was  decanted, 
dried,  and  distilled  over  sodium;  it  boiled  almost  entirely  between 
d5*^  and  70^,  by  far  the  greater  portion  coming  over  at  67-68°.  It  was 
analyzed  with  the  following  results : — 

0-1440  grm.  hydrocarbon  gave  0*2095  grm.  water;  the  carbon  deter- 
mination was  lost. 

Calculated.  Found. 

C, 83-72  

H,,    16-28  16-16 


100-00 


Two  determinations  of  its  specific  gravity  made  by  means  of  different 
bottles  gave : — 

(1)  0-6620  at  10°-5,  and 

(2)  0.-6641  at  18*. 

Compared  with  water  at  the  same  temperature,  Pelouzo  and  Gahours 
found  0*669  at  16°  for  the  hexane  boiling  at  68°  obtained  from  American 
petroleum.  Hexane  from  suberic  acid,  boiling  at  69°*5,  according  to 
Sale,  has  a  specific  gravity  of  0-6617  at  17°-5 ;  this  agrees  with  that  of 
/3  hexane  obtained  from  mannite,  viz.  0-6645  at  16°-5.  Schorlemm^ 
found  0*678  at  15°-5  for  the  hydride  from  cannel  coal,  whicli  agrees 
perfectly  with  that  obtained  by  Williams  for  the  same  hydride  prepared 
from  boghead  coal,  viz.  0*6745  at  18°.  On  the  other  hand,  Schorlemmer 
has  found  that  the  hexane  prepared  from  mannite  is  probably  identical 
witii  that  obtained  for  secondary  hexyl  iodide  by  the  action  of  zinc  and 
hydrochloric  acid,  and  with  the  dipropyl  obtained  from  primary  hexyl 
iodide,  for  which  he  found  the  specific  gra>ity  0-6630  at  17°;  and  these 
are  probably  identical  with  the  hexane  of  Pelouze  and  Cahours  obtained 
from  petroleum,  and  with  the  hydride  found  by  Schorlemmer  in  cannel 
oil,  all  being  normal  hydrocarbons  with  the  constitution 

CH,— CH.— CH,— CH,— CH— CIT,. 

The  brominated  hydrocarbon  left  in  the  fiask  after  removing  the 
hexane  was  then  distilled :  it  commenced  to  boil  at  about  190°;  the  ther* 
mometer  gradually  rose  to  195°,  and  nearly  the  whole  of  the  liquid 
distilled  over  below  205°.  As  the  compound  showed  signs  of  decompo- 
sition on  boiling,  hydrobromic  acid  being  continuously  evolved  during 
the  distillation,  a  considerable  amount  of  tarry  matter  remaining  in  the 
flask,  it  was  impossible  to  fractionate  it  further.  It  was  purified,  how- 
ever, by  distillation  in  a  current  of  steam ;  it  was  nearly  colourless,  and 
on  analysis  yielded  numbers  agreeing  with  the  formula  C,  Hj^Br^. 

0*8950  grm.  of  the  bromide  gave  1*3570  grm.  silver  bromide  and 
0*0090  grm.  reduced  silver. 

Calculated.  Found. 

Br 65-57  65-28 
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The  following  are  the  data  obtained  in  the  determination  of  its 
specific  gravity :  — 

Weight  of  bottle     1-6807  gnn. 

Bottle  +water  at  20°    7*2942  gnns. 

Bottle  +  bromide  at  20°  10-6440     „ 

from  which  1*5967  is  obtained  as  the  specific  gravity  of  hexylene  dibro- 
mide  at  20°  compared  with  water  at  the  same  temperature. 

A  second  determination  with  a  smaller  quantity  gave  1*5975  at  18°. 
Pelouze  and  Cahours  found  the  boiling-point  of  this  body  to  be  192-198°, 
and  its  specific  gravity  1-582  at  19°.  These  numbers  are  certainly  too 
low ;  the  bromide  had  probably  been  slightly  decomposed  by  distillation. 

We  have  attempted  to  determine  the  relative  amounts  of  hydride  and 
olefine  in  the  fraction  boiling  at  65-68°  by  means  of  the  reaction  with 
bromine. 

The  hydrocarbon  was  weighed  out  in  a  small  distillation-flask,  and 
well  cooled  by  a  mixture  of  ice  and  salt ;  bromine  was  then  slowly  added, 
and  in  minute  drops,  by  means  of  the  Httle  apparatus  seen  in  the  figure 
— a  small  caoutchouc  ball  about  5  cub.  centims.  in  diameter,  which  can  be 
compressed  by  the  plate  movable  along  the  rods  by  means  of  the 
milled  head-screw.  The  mode  of  working  the  instrument  is  obvious  ;  by 
means  of  it  the  bromine  can  be  easily  transferred  from  the  bottle  in 
which  it  is  preserved  to  the  hydrocarbon,  and  the  amount  added  can  be 
regulated  with  great  nicety.  The  bromine  was  added  until  the  liquid 
was  permanently  reddened,  when  the  flask  was  again  weighed  to  deter- 
mine the  amount  of  bromine  employed.  13*30  grms.  of  the  mixed  hydro- 
carbons boUing  at  65-70°  required  13*16  grms.  bromine  before  the  red 
colour  was  persistant.  This  amount  of  bromine  is  equivalent  to  6-9  grms. 
of  hexylene,  and  13-3— 6-9=6-4  as  the  amount  of  hexane  present.  The 
mixture  was  now  distilled,  and  all  passing  over  below  110°  (at  which 
point  the  liquid  in  the  flask  commenced  to  blacken)  coUected  in  a  weighed 
test-tube.  The  weight  of  the  distillate  was  6-18  grms.  From  these 
numbers  it  would  appear  that  the  product  boiling  at  65-68°  is  a  mixture 
of  hexane  and  hexylene  in  about  equal  proportions. 

6.  The  fraction  boiling  at  94-97°  was  next  treated  with  bromine  in 
the  cold  until  the  liquid  was  reddened.  The  termination  of  the  reaction 
was  not  so  easily  seen  in  this  case ;  the  mixture  blackened  slightly,  and 
more  hydrobromic  acid  was  evolved,  although  the  hydrocarbon  was  care- 
fully cooled  by  ice  and  salt.  The  brominated  mixture  on  distillation 
commenced  to  boil  about  95°,  and  it  was  heated  to  130°,  when  the  liquid 
in  the  flask  commenced  to  decompose ;  at  this  point,  therefore,  the  distil- 
lation was  interrupted.  The  following  are  the  details  of  a  quantitative 
determination : — 


9) 
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"Weight  of  mixed  hydrocarbons 14*21  grms. 

"Weight  of  bromine  added 12*9 

Equivalent  to  heptylene 7*9 

Equivalent  to  heptane    6-3      „ 

Amount  of  heptane  actually  obtained    ..  6*15    „ 

From  this  experiment  it  would  appear  that  the  amount  of  olefine  is 
slightly  greater  than  that  of  the  hydride  in  the  fraction  boiling  at  94-97° ; 
but,  from  the  circumstances  of  the  experiment,  we  have  reason  to  believe 
that  the  amount  of  heptylene  thus  indicated  is  slightly  above  the  truth. 
It  was  difficult  to  determine  the  final  point  of  the  reaction ;  the  hydride 
was  not  altogether  unacted  on  by  the  bromine,  and  small  quantities  of 
hydrobromic  acid  were  continuously  disengaged  during  the  process ; 
these  circumstances  would  tend  to  increase  the  weight  of  bromine  used, 
and  consequently  the  apparent  weight  of  the  olefine  present.  In  extend- 
ing our  research  to  the  determination  of  the  constitution  of  these  hydro- 
carbons, we  have  had  occasion  to  repeat  this  experiment  on  a  far  larger 
scale  and  under  more  favourable  conditions. 

900  grms.  of  the  mixed  heptane  and  heptylene  required  716  grms.  of 
bromine ;  this  would  be  equivalent  to  439  grms.  of  heptylene.  900  grms. 
of  a  mixture  of  heptane  and  heptylene  in  equivalent  proportions  would 
contain  444  grms.  of  heptylene. 

The  heptylene  bromide  could  not  be  redistilled  under  the  ordinary 
atmospheric  pressure  without  decomposition ;  it  commenced  to  blacken  at 
about  160°,  and  dense  fumes  of  hycbobromic  add  were  evolved.  "When 
distilled  in  a  current  of  steam,  it  was  obtained  nearly  colourless. 

It  cannot  be  preserved,  however,  without  slight  decomposition ;  when 
exposed  to  light,  it  slowly  darkens  in  colour  and  evolves  hydrobromic 
aciidgas. 

It  was  analyzed  with  the  following  results : — 

0*7470  grm.  gave  1*0210  grm.  Ag  Br  and  0*035  grm.  reduced  silver. 

Caltulated  for  t?^„«^ 

Br 62*01  61*66 

The  specific  gravity  of  this  compound  was  found  to  be  1*5146  at  18°*5, 
water  at  the  same  temperature  being  taken  as  unity. 

The  heptane,  after  washing  with  dilute  potash  solution,  drying,  and 
rectification  over  sodium,  boiled  constantly  at  97-99°.  Its  specific 
gravity  was  found  from  two  experiments  to  be  (1)  0*0910  at  19°,  and 
(2)  0*6915  at  18°,  Warren  and  Storer  found  for  the  same  hydrocarbon 
from  Menhadden  oil  the  specific  gravity  of  0*6942  at  17°*5. 

Burnt  with  copper  oxide  in  a  stream  of  oxygen,  it  yielded  the  following 
numbers: — 

L  0*1695  grm.  hydride  gave  0*5240  grm.  carbon  dioxide  and 
0*2460  grm.  water. 
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n.  0-2638  gnn.  hydride  gave  0-8110  grm,  carbon  dioxide  and 
0*3733  gnn.  water. 

m.  An  unknown  quantity  gave  0*5015  grm.  carbon  dioxide  and 
0'a318  gnn.  water. 


I. 

n. 

in. 

84-29 

83-94 

84-14 

16-13 

15-73 

15-86 

Found. 
Calculated, 

C^    84-00 

Hj, 16-00 

100-00  100-42       99-67       100-00 

These  six  bodies,  qnintane  and  amylene,  hexane  and  hexylene,  heptane 
and  heptylene,  are  the  only  liquids  we  have  been  able  to  isolate  from  the 
fraction  boiling  below  100^.  Careful  search  was  made  for  the  other 
hydrocarbons,  particularly  for  benzol  and  for  the  hexylene  of  Oaventou, 
boiling  about  80°,  but  without  success.  The  fractions  intermediate  be- 
tween 70°  and  90°  could  be  resolved  by  repeated  distillations  into  pro- 
ducts boiling  at  65-70°  and  90-100°.  The  amount  coming  over  in  the 
neighbourhood  of  80°  was  very  small ;  in  fact  the  entire  quantity  even- 
tually obtained  b^ween  70°  and  90°  amounted  to  only  a  few  grams.  About 
a  gram  of  the  small  portion  boiling  at  80-82°  was  treated  with  strong 
nitric  acid ;  the  liquid  was  very  slowly  acted  upon,  and  when  treated  with 
alcohol,  zinc,  and  hydrochloric  acid,  after  washing  and  solution  in  ether, 
it  failed  to  give  the  characteristic  reaction  for  aniline ;  nor  on  treating 
the  remainder  of  the  hydrocarbon  with  excess  of  bromine,  and  allowing 
the  mixture  to  evaporate,  could  any  solid  bromide  (C,  H^^  Br^)  be  obtained. 
Hence  we  infer  the  absence  of  members  of  the  C„  H2»_2  and  C«  H2»-.6 
groups  in  the  liquid  hydrocarbons  obtained  by  the  decomposition  of  solid 
paraffins. 

7.  Fraction  boiling  between  100°  and  200°. — As  this  portion  amounted 
to  about  a  litre,  it  was  thought  worth  while  to  attempt  a  more  rigorous 
separation  of  the  hydrocarbons  than  is  possible  by  the  ordinary  method 
of  fractionation ;  for  this  purpose  a  small  condensing  arrangement  on 
Warren's  principle  was  constructed,  and  by  means  of  it  the  hydrocarbons 
were  separated  at  first  at  intervals  of  10°,  aftemards  into  portions  boil- 
ing between  5°,  and  eventually  into  portions  boiling  between  2°.  The 
hydrocarbons  were  distilled  over  sodium,  and  the  temperature  of  the 
worm  was  maintained  about  20°  lower  than  that  of  the  vapour  in  the 
flask.  A  considerable  quantity  of  liquid  was  obtained  bpiling  below  100°; 
and  this  could  be  resolved  into  hexane  and  hexylene,  heptane  and  hepty- 
lene.  The  amount  of  liquid  eventually  obtained  between  100°  and  120® 
was  very  small. 

About  120  grms.  of  liquid  were  found  to  boil  constantly  between 
"2°  and  125°.    Bromine  was  eagerly  absorbed  by  this  fractioni  indioitiDg 
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the  probable  presence  of  octylene,  the  boiling-point  of  which  is  given  by 
Bouifl  at  125®,  and  by  Pelouze  and  Cahours  at  118-120°.  The  reaction 
with  bromine  yielded  the  following  data  :-* 

Amount  of  hydrocarbon  taken 41*0  gnns. 

Amount  of  bromine  needed  34*0    „ 

Equivalent  of  octylene   24*1    ,, 

On  the  addition  of  bromine  the  hydrocarbon  darkened  rapidly  in  colour, 
and  a  small  quantity  of  tarry  matter  collected  at  the  bottom  of  the  flask. 
As  it  was  impossible  to  distil  the  mixture  under  the  ordinary  atmospheric 
pressure,  the  bromide  being  decomposed  by  a  very  slight  elevation  of 
temperature,  it  was  treated  with  alcoholic  potash,  and  distilled  per  ascen- 
mm  for  some  hours  until  a  few  drops  thrown  into  water  floated  upon  its 
BurfnoQ.  Water  was  then  added,  the  lighted  portion  separated,  dried, 
and  fractionated.  The  largest  amount  came  over  between  120*^  and  140°, 
the  next  fraction  from  140-160°  being  much  smaller  in  quantity,  whilst 
scarcely  any  liquid  distilled  over  between  100°  and  180°.  After  this  point 
the  thermometer  became  more  stationary,  and  a  fraction  almost  as  large 
as  that  at  120-140°  came  over  between  180°  and  200°.  This,  on  renewed 
distillation,  boiled  at  185-190° ;  it  had  a  feeble  garlic  smell,  and  was 
heavier  than  water.  Analysis  showed  that  it  had  approximately  the 
composition  C^  H.^  Br. 

L  0-4755  grm.  bromide  gave  0*4165  grm.  silver  bromide  and  '0180  grm. 
reduced  silver. 

n.  0*4600  grm.  bromide  gave  0*4100  grm.  silver  bromide  and 
0*0150  grm,  reduced  silver. 

Found. 

Calculated.  ^ * s 

I.  II. 

Br 41*8  40*1  40*7 

According  to  Eubien*,  by  whom  this  compound  was  first  described,  its 
boiling-point  is  185°. 

The  fraction  boiling  between  120°  and  140°  on  repeated  distillation  was 
separated  into  octane,  boiling  at  122-125°,  and  a  liquid  of  an  alliaceous 
odour  boiling  constantly  at  130-135°,  which  absorbed  bromine  >»ith 
avidity.  This  in  all  probability  was  capryHdene,  the  boiling-point  of 
which  has  already  been  found  by  Eubien  (loc.  cit,)  to  be  133-134° ;  its 
{ormation  was  doubtless  due  to  the  prolonged  action  of  the  alcoholic 
potash  on  the  Cg  H^,  Br. 

Action  of  chlorine  on  mixed  hi/drocarbons  hoilinrf  at  122-125°. — 34  grms. 
of  the  hydrocarbons  were  weighed  out  into  a  small  distillation-flask, 
immersed  in  a  mixture  of  ice  and  salt,  and  a  gentle  stream  of  chlorine 
sent  through  the  liquid  in  the  dark.  The  chlorine  was  rapidly  absorbed, 
(md  for  the  first  hour  but  little  hydrochloric  add  was  disengaged ;  during 

»  Ann.  Ch,  Pharm.  vol.  ciiii.  p.  29i 
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the  second  hour  and  to  the  close  of  the  operation,  the  evolution  of  this 
gas  increased  largely,  and  the  mixture  darkened  considerably. 

The  chlorinat€Kl  liquid  was  then  distilled  in  a  current  of  steam ;  as 
soon  as  the  distillate  appeared  to  be  heavier  than  water  the  receiver  was 
changed,  and  the  heavy  liquid  separated,  dried,  and  distilled.  It  com- 
menced to  boil  at  about  220°,  but  showed  no  constant  boiling-point ;  but 
the  greater  portion  came  over  between  230°  and  240°.  At  this  high  tem- 
perature the  product  suffered  rapid  decomposition.  The  portion  boiling 
at  230-240°  was  redistilled  in  a  current  of  steam.  After  drjrrng  over 
calcium  chloride  it  was  nearly  colourless,  heavier  than  water,  and  of  a 
plaesant  aromatic  odour.    Analysis  showed  that  it  was  octylene  dichloride, 

0-2760  grm.  chloride  gave  0*4225  grm.   silver  chloride  and  0*0100 

grm.  reduced  silver. 

Calculated.  Found. 

CI    38*80  39*09 

The  portions  of  octane  obtained  after  treatment  with  chlorine  and  with 
bromine  were  then  mixed  and  repeatedly  distilled  over  sodium.  The  mixed 
liquid  commenced  to  boil  at  118°,  and  about  two  fifths  came  over  below 
122°,  the  remainder  distilling  between  122°  and  125°.  Both  fractions 
were  immediately  reddened  by  bromine  vapour.  The  122-125°  fraction 
was  analyzed  with  the  following  results  : — 

0*2970  grm.  hydrocarbon  gave  0*9170  carbon  dioxide  and  0*4095  grm. 

water. 

Calculated .  Found. 

C 84*22  84-20 

ir^, 15-78  15-32 


\ 


100-00  99-52 

The  specific  gravity  of  this  fraction  was  found  to  be  0*7207  at  15°*5  ; 
the  fraction  118-122°  had  the  specific  gravity  0*7165  at  15°*6.  Zincke 
found  0*7124  at  16°  for  normal  octane*. 

Schorlemmer's  ditrityl,  which  boils  at  123-125°,  has  the  specific  gravity 
0*7032  at  17°t. 

Action  of  nitrofjen  tetroxiiU  upon  th^  mixed  octane  and  octyhiie  boiling 
at  122-125°. — Many  years  ago  Guthrie  described  a  solid  crystalline  com- 
pound of  amylene  and  nitrogen  tetroxide,  C^  H,o  (NOj)^.  So  easily  is  this 
compound  formed  that  the  reaction  of  the  gas  upon  amylene  constitutes  a 
very  good  test  for  the  presence  of  the  olefine,  and  comparatively  small 
quantities  of  amylene  may,  by  means  of  nitrogen  tetroxide,  be  discovered 
and  separated  from  considerable  quantities  of  quiutane. 

We  have  studied  the  reaction  of  nitrogen  tetroxide  upon  a  mixture  of 
octane  and  octylene  in  the  hope  of  discovering  an  easier  method  of  sepa- 
-rating  the  two  hydrocarbons.     No  solid  nitro-compound,  however,  was 

*  Ann.  Chem.  Pharm.  vol.  dxi.  Ibid.  p.  28L 
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obtained.  On  passing  the  gas  into  a  mixture  of  the  hydrocarbons  it  was 
rapidly  absorbed,  and  a  heavy  oil  separated  out ;  this  had  an  odour  resem- 
bling that  of  ca8toiK)il ;  but  the  substance  could  only  be  presened  in  the 
freezing-mizture,  and  on  dbtillation,  even  in  steam,  it  was  immediately 
decomposed. 

8.  The  next  well-defined  fraction  of  the  original  liquid  boiling  between 
lOO^and  200^  distilled  constantlyat  145-148^.  It  was  remarked  that  as  this 
fraction  increased  in  bulk,  and  the  neighbouring  ones  became  more  free 
from  octane  and  octylene,  they  gradually  acquired  a  very  characteristic 
and  unpleasant  smell,  quite  different  from  the  fraction  boiling  at  122-125^. 
A  portion  of  the  mixed  hydrocarbons  was  treated  \vith  bromine  in  the  cold. 
The  same  darkening  was  observed  as  in  the  case  of  the  122-125^  fraction ; 
but  it  was  by  no  means  so  marked  as  in  that  instance,  and  there  was  no 
difficulty  in  perceiving  when  a  decided  excess  of  bromine  had  been  added. 
The  following  are  the  details  of  the  experiment : — 

Hydrocarbon  employed 18-95  grms. 

Bromine  needed 12*8 

Equivalent  to  nonylcne 10*0 

As  it  was  impossible  to  distil  off  the  hydride,  even  in  a  current  of  steam, 
without  at  the  same  time  decomposing  the  bromine  compound,  the  liquid 
was  treated  with  alcoholic  potash  and  distilled  upwards  for  some  time. 
Water  was  then  added,  the  dark  brown  oil  separated,  dried,  and  distilled ; 
it  commenced  to  boil  at  150°,  and  fractions  were  collected  between  every 
10°.    The  krgest  fractions  came  over  at  160-170°  and  200-218°. 

The  portion  boiling  between  200-218°  on  repeated  distillation  boiled 
almost  entirely  between  208°  and  212°,  and  had  approximately  the  compo- 
sition C,  Hj,  Br. 

0*4165  grm.  bromide  gave  0*3370  grm.  silver  bromide  and  0*0105 
grm.  reduced  silver. 

Calcolated.  Found. 

Br 39*0  36-3 

The  quantity  obtained  was  too  small  to  admit  of  purification. 

A  second  portion  of  the  liquid,  boiling  between  145°  and  148°,  was  treated 
with  fuming  sulphuric  add.  A  considerable  rise  of  temperature  was 
obserred,  so  that  it  was  necessary  to  cool  the  mixture  in  order  to  prevent, 
as  &r  as  possible,  the  polymerizing  action  of  the  strong  acid.  The  super- 
natant (nl  was  then  decanted,  washed  \iith  dilute  soda  solution,  dried,  and 
dbtilled  over  sodium.  About  half  the  liquid  came  over  below  170°, 
after  which  the  thermometer  rose  very  rapidly  to  above  340°,  when  the 
dbtillation  was  stopped.  On  cooling,  the  dense  oily  liquid  in  the  retort 
solidified.  The  fraction  boiling  below  170°  was  redistilled  over  sodium ; 
it  boiled  almost  entirely  bet\i'een  145°  and  150°.  It  was  then  mixed  \ivith 
the  hydride  obtained  after  treatment  with  bromine  (see  preceding  section), 
and  tiie  mixed  liquids  were  again  dbtilled  over  sodium.    The  boiling-point 
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was  unchanged,  the  greater  portion  of  the  liquid  distilling  at  147-148^. 
This  liquid  is  nonane,  as  the  following  analysis  shows : — 

0-1970  grm.  hydride  gave  0*6080  gnn.  carbon  dioxide  and  0*2820 
grm.  water. 

Calculated.  Found. 

C.   , 84-37  8416 

Hj^ 15*63  15*92 

100*00  100*08 

A  determination  of  its  vapour-density  afforded  the  following  data : — 

Balloon  with  air 13*8050  grms. 

Temperature  of  air 13*7®  C. 

Balloon  with  vapour   14*0525  grms. 

Temperature  on  sealing 209° 

Besidual  air 0 

Capacity  of  balloon 116*8  cub.  centims. 

Yapour'denslty  calculated 

forC^n.^(H=l).  Found. 

64-0  G(j'2 

Its  specific  gravity  was  0*7270  at  13°*5,  compared  with  water  at  the 
same  temperature. 

It  should  bo  remarked  that  no  liquid  boiling  at  about  145-148°  was 
discovered  by  Pelouze  and  Cahours  in  American  petroleum.  The  nonyl 
hydride  isolated  by  these  chemists  had  the  boiling-point  136-138°.  We 
have  assured  ourselves  that  there  is  no  liquid  boiling  at  about  this  tem- 
perature in  the  products  obtained  from  solid  paraffin. 
-  The  boiling-point  of  the  nonane  isolated  by  us  agrees  perfectly  with 
that  calculated  on  the  assumption  that  the  differences  in  the  boiling-points 
of  the  simpler  members  of  the  C,H2»4.2  become  continually  less  by  4°,  until 
the  well-known  difference  of  19°  is  obtained.  (Schoriemmer.) 

Calculated  boUing-point  of  C,  H^     146°  Found  147-148° 

Action  of  chlorbu  upon  nonane. — About  15-20  grms.  of  the  purified 
hydrocarbon  were  heated  in  a  small  flask  fitted  to  an  upright  condenser, 
and  a  current  of  well-dried  chlorine  was  sent  through  the  liquid.  The 
apparatus  was  placed  in  direct  sunlight.  The  action  appeared  to  com- 
mence immediately,  the  liquid  darkened  slightly  in  colour,  and  a  large 
quantity  of  hydrochloric  acid  was  evolved.  The  chlorine  on  passing  into 
the  heated  liquid  appeared  to  bum,  a  flash  of  light  appearing  at  ttie  end 
of  the  delivery-tube  as  each  successive  bubble  of  gas  passed  into  the  hy- 
drocarbon. Li  order  to  prevent  as  far  as  possible  the  formation  of  high 
chlorinated  products,  the  passage  of  the  chlorine  was  oocasionally  inter- 
rupted and  the  liquid  distilled ;  the  portion  boiling  below  200°  was  set 
aside,  and  that  which  came  over  below  this  pdnt  was  submitted  to  th^ 
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{mther  aciioa  of  the  chlorine,  intimately  the  greater  portion  of  the  liquid 
was  found  to  boil  between  200^  and  230^,  about  |  boiling  above  this  point. 
By  repeated  distillation  the  former  portion  was  divided  into  two  portions — 
cene  boiling  at  190-198^  and  the  other  boiling  constantly  at  240-245^ 
The  first  fraction  on  analysis  gave  numbers  agreeing  with  the  composition 
of  nonyl  chloride. 

I,  0-6670  gnn.  chloride  gave  0*5937  grm.  silver  chloride  and  0*0100 
grm.  metallic  silver. 

n.  0*5195  grm.  chloride  gave  0*4930  grm.  silver  chloride  and  0*0080 
grm.  metallic  silver. 

Found. 
Coloulatod.  I.  II. 

a    21*9  22*5    22-8 

The  specific  gravity  of  the  nonyl  chloride  was  found  to  be  0*8962  at 
14°.  Pelouze  and  Cahours  found  the  so-called  pelargyle  chloride  to  boil 
at  196°;  its  specific  gravity  was  0*899  at  10°,  It  is  highly  probable, 
however,  in  spite  of  the  concordance  of  these  results,  that  the  liquid  ob- 
tained by  us  was  a  mixture  of  primary  and  secondary  chlorides ;  and  the 
same  remark  is  probably  applicable  to  the  product  obtained  by  Pelouze 
and  Cahours.  The  fraction  boiling  at  about  245°  was  in  all  probability 
C,  Hj,  Qg,  produced  by  the  further  action  of  the  chlorine  upon  the  hydride ; 
the  quantity,  however,  was  insufficient  to  purify  it  for  analysis. 

9.  The  next  well-defined  fraction  distilling  at  a  constant  temperature 
boiled  at  170-172°.  It  was  treated  with  bromine,  with  the  folloNving 
results : — 


Weight  of  liquid  taken 4*80  grms. 

„        Bromine  needed   3*38    „ 

Equivalent  to  decylene 2*95    „ 


The  liquid  was  too  strongly  reddened  by  the  bromine ;  it  was  evident 
that  too  great  an  excess  had  been  added.  This  would  make  the  amoimt  of 
olefine  too  large.  The  quantity  of  hydrocarbon  taken  was  too  small ;  the 
experiment  should  have  been  repeated  on  a  larger  scale.  Our  object, 
however,  was  to  economize  our  material,  as  we  could  find  no  ready  method 
of  separating  the  brominated  compoimd  from  the  unattacked  hydride 
without  decomposition.  Boiling  with,  alcoholic  potash  gave  a  very  inde^ 
finite  result. 

About  37  grms.  of  the  mixed  hydrocarbons  were  cautiously  treated  with 
nitric  and  sulphuric  acids,  and  the  mixture  cooled  to  moderate  the  reaction. 
After  standing  about  17  hours  the  clear  amber-coloured  oil  was  separated, 
repeatedly  washed,  and  distilled  in  a  current  of  steam.  When  about  ^ 
of  the  liquid  had  passed  over,  the  remainder  in  the  fiask  suddenly  decom- 
posed, becoming  aJmost  solid,  and  fuines  of  oxides  of  nitrogen  were  abun- 
dantly dbengaged.  The  distillate,  which  floated  on  water,  was  dried  and 
difltiUed;  it  commenced  to  boil  at  169°  and  all  came  over  below  175°, 
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after  repeated  distillation  over  sodium,  until  the  metal  was  no  longer 
attacked ;  it  boiled  constantly  at  166-168°. 

It  was  analyzed  as  under : — 

0*2090  grm.  hydride  gave  0*6460  grm.  carbon  dioxide  and  0*2950 

grm.  water. 

Calculatecl.  Found. 

C,, 84*45  84*30 

H^ 15*55  15*69 

100*00  99*99 

Its  specific  gravity  was  0*7394  at  13°*5,  compared  with  water  at  the 
same  temperature.  Schorlemmer's  amyl  (decatyl  hydride),  obtained  by  the 
action  of  sodium  on  amyl  iodide,  boiled  at  158-159°,  and  had  the  specific 
gravity  0*7275  at  14°.  It  is  very  probable  that  this  hydrocarbon  is  not 
the  normal  hydride,  but  stands  to  the  decatyl  hydride  boiling  at  168°  in 
the  same  relation  that  the  amyl  hydride  boiling  at  30°  does  to  the  isomer 
boilmg  at  39°,  or  as  the  ethyl  amyl  boiling  at  90°  (sp.  gr.  0*6819  at  18°*5) 
does  to  the  normal  heptane  boiling  at  99°  (sp.  gr.  0*6915  at  18°).  The 
normal  decatyl  hydride  obtained  by  Pelouze  and  Cahours  from  petroleum 
had  the  specific  gravity  0*735  at  15°;  the  hydride  found  by  Greville 
Williams  in  the  oil  from  boghead  coal  had  the  specific  gravity  0*7365 
at  18°. 

A  determination  of  the  vapour-density  of  the  decatyl  hydride  from 
paraffin  gave  the  following  data  : — 

Balloon  with  air 13*9745  grms. 

Temperature  of  air 12° 

Balloon  with  vapour   14*2215  grms. 

Temperature  on  sealing 222° 

Eesidual  air 0*2  cub.  centims. 

Capacity  of  balloon 105*5  cub.  centims. 

Vapour-density  calculated 

for  Cio  Hj,  (H = 1 ).  Found. 

71  72-8 

10.  The  next  fraction  of  the  liquid  boUing  below  200° distilled  constantly 
between  192°  and  197°,  the  greater  portion  of  the  liquid  coming  over 
at  about  193-195°.  The  fraction  boiling  at  193-195°  was  treated  with 
bromine,  with  the  following  results : — 

(1)  7*63  grms.  required  4*76  grms.  bromine. 

(2)  7*18  „  4*09 


\ 


Mean . .  7*405  4-425 

The  fraction  boiling  at  195-197°  was  also  treated. 
7*04  grms.  hydrocarbon  required  3*85  grms.  bromine. 
Issuming  that  the  fractions  are  mixtures  of  undecane  and  undecylene, 
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4*425  grms.  of  bromine  would  be  equivalent  to  3*78  grms.  of  the  olefine, 
leaving  3*625  grms.  of  the  hydride,  or  the  fraction  is  a  mixture  of  unde- 
cane  and  undecylene  in  equal  proportions. 

A  determination  of  the  vapour-density  of  the  103-195°  fraction  gave 
the  following  data : — 

Balloon  with  air , . . . .     13*2640  grms. 

Temperature  of  air 16° 

Balloon  with  vapour    13*5470  grms. 

Temperature  on  sealing 261° 

Besidual.air 0*8  cub.  centims. 

Capacity  of  balloon 113  cub.  centims. 

Found 81*1  Calculated 77*5 

11.  Fraction  boiling  between  200°  and  300°. — ^By  long-continued  distilla- 
tion over  sodiimi  the  2^  litres  boiling  originally  between  these  limits 
were  resolved  iato  the  following  fractions  : — 

(1)  212-215°* 

(2)  230-235°  soHdifies  at  -14°*5t 

(3)  252-255°  „  5°*5 

(4)  273-276°  „  +2°*0 

(5)  290-295° 

The  portion  boiling  at  300°  (in  the  neighbourhood  of  315°)  is  solid  at 
ordinary  temperatures. 

The  following  details  of  the  bromination  experiments  show  that  the 
fractions  were  invariably  mixtures  of  olefines  and  hydrides : — 
Fraction  212-215° : 

4*48  grms.  required  2*65  grms.  of  bromine. 
Fraction  230-235° : 

4*23  grms.  required  1*92  grm.  of  bromine. 
Fraction  252-255° : 

(1)  9*38  grms.  required  2*95  grms.  of  bromine. 

(2)  8*605  grms.  required  2*67  grms.  of  bromine. 

(3)  5*13  grms.  required  1*54  grm.  of  bromine. 
Fraction  273-276°. 

7*39  grms.  hydrocarbon  required  2*04  grms.  of  bromine. 

12.  It  has  already  been  mentioned  that,  on  the  first  distillation  of  the 
oils  obtained  by  splitting  up  the  3^  kilogs.  of  paraffin,  a  considerable 
amount  of  substance  (which  could  not  be  distilled  withiu  the  range 
of  the  thermometer)  remained  in  the  retort  and  solidified  on  cooling.  This 
substance  in  its  crude  condition  melted  at  31°,  but  on  recrystallization 
from  ether  the  melting-point  became  higher.  The  whole  of  the  substance 
was  therefore  cut  up  into  small  fragments,  and  spread  upon  filter-paper 

*  These  boiling-points  are  uncorrected. 

t  These  points  of  solidification  are  only  approzimatire. 
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to  remove  adhering  oil  as  far  as  possible,  and  repeatedly  recrystallizcd 
from  ether  until  the  melting-point  was  unaltered. 

It  melted  inyariablj  at  41^-5  and  solidified  at  40^-5 ;  it  could  not  be  dis- 
tilled within  the  range  of  the  mercurial  thermometer. 

It  crystallized  from  ether  in  beautifully  white  satiny  scales,  and  gave 
the  following  nimibers  when  burnt  with  oxide  of  copper  in  a  stream  of 
oxygen : — 

0'303o  grm.  gave  0*9590  grm.  carbon  dioxide  and  0*419  grm.  water. 

Carbon    85-19 

Hydrogen 15*34 

100-53 

Action  of  bromine  upon  the  solid  paraffin  meUing  at  41°-5. — A  few 
grams  of  the  substance  were  dissolved  in  bisulphide  of  carbon,  and  four 
minute  drops  of  bromine  added ;  this  small  quantity  of  bromine  sufficed 
to  colour  the  liquid  strongly.  On  standing  from  12  to  15  hours,  the 
colour  appeared  unaltered,  and  the  solution  was  not  decolorized  after 
heating  from  60-70°  for  12  hours.  On  heating  the  liquid  to  150°,  the 
colour  disappeared  after  a  few  hours ;  and  on  opening  the  tube  hydro- 
bromic  acid  was  evolved.  About  10  drops  of  bromine  were  again  added, 
and  the  liquid  reheated  to  150° ;  but  no  diminution  in  the  red  colour 
of  the  solution  was  perceptible,  although  on  opening  the  tube  hydro- 
bromic  acid  f imies  were  abundantly  disengaged.  This  observation  would 
appear  to  indicate  that  the  hydrocarbon  melting  at  41°*5  is  a  member  of 
the  C,  ITa^^j  series. 

Action  oflieat  iipon  41°-5  parajjin, — ^Eopeated  crystallization  from  ether 
having  failed  to  alter  the  melting-point  of  this  substance,  and  the  behaviour 
with  bromine  evidently  indicating  that  it  belonged  to  the  marsh-gas  series, 
we  considered  that  it  would  be  interesting  to  study  the  combined  action 
of  heat  and  pressure  upon  it.  The  details  of  the  experiment  have  been 
already  given  in  section  1.  After  six  distillations  it  was  rendered  com- 
pletely liquid.  It  began  to  boil  at  about  40°,  and  about  one  sixth  came 
over  below  100°,  about  one  third  between  100°  and  200°,  and  the  greater 
portion  of  the  remainder  below  300° ;  the  small  quantity  remaining  in  tho 
retort  solidified  on  cooling. 

In  a  second  experiment  the  action  of  bromine  upon  the  liquid  hydro- 
carbons was  quantitatively  detemuned  : 

Weight  of  liquid  hydrocarbon  taken  5*73  grms. 

„        bromine  required  before  the  liquid  was  reddened    30*7     „ 

The  action  of  tho  bromine  was  very  energetic,  and  it  was  necessary  to 
moderate  the  reaction  by  cooling  the  liquid. 

It  is  evident  from  these  experiments  that  the  solid  paraffin  (a?  C,  3*4.2) 
had  been  split  up  by  heat  and  pressure  into  a  mixture  of  hydrides  and 
olefines. 
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13.  This  mode  of  decomposition  would  appear  to  be  general,  at  least 
for  the  higher  terms  of  the  series  of  normal  paraffins.  If  these  bodies  be 
i^presented  constitutionally  by  linking  the  carbon  atoms  together  in  a 
single  chain, 

CH,— CH— CH,— CH  — CH, GH„ 

then  the  simultaneous  formation  of  hydride  and  define  must  be  assumed 
to  occur  from  the  loosening  of  the  affinities  of  certain  of  the  groups  of 
CH,.  Under  the  influence  of  heat  these  groups  become  dissociated 
(Tibrate  without  the  spheres  of  their  mutual  attractions),  and  recombme 
to  form  saturated  hydrocarbons.  Assuming  (for  the  sake  of  simplicity) 
that  this  decomposition  can  occur  so  low  down  in  the  series  as  in  the  case 
of  butane,  it  might  be  thus  represented  : — 

H   H   II   H  H   H  II   II 

H_(>_C— C— C~.H=H— C— C— H + C= 0 

We  can  offer  but  little  direct  evidence  as  to  the  exact  manner  of  this 
decomposition — ^whether  it  is  attended  by  the  gradual  elimination  of 
ethylene,  a  hydride  containing  a  greater  number  of  carbon  atoms  being 
left  behind,  or  whether  the  paraffin  is  at  once  split  up  into  the  hydride 
and  an  olefine  containing  an  equal  number  of  carbon  atoms  as  in  the  above 
equation.  Neither  supposition  is  exactly  substantiated  by  experiment. 
If  the  action  of  heat  gave  rise  to  the  former  mode  of  decomposition,  we 
ought  to  obtain  a  large  quantity  of  ethylene  after  prolonged  heating, 
especially  when  the  liquid  portion  is  rich  in  hydrocarbons  of  low  molecular 
weight ;  but,  as  we  have  already  pointed  out,  the  process  of  liquefaction  ia 
accompanied  i^^ith  the  production  of  comparatively  little  gas.  On  the 
other  hand,  an  examination  of  the  amounts  of  bromine  required  to  render 
the  hydrocarbons  boiling  below  200°  permanently  red,  shows  that  the 
proportion  of  hydride  to  olefine  in  the  several  mixtures  becomes  gradually 
larger  as  the  molecular  weight  increases.  It  would  appear,  therefore, 
that  the  liquids  boiling  between  200°  and  300°  are  not  mixtures  of  hydrides 
and  olefines  in  equal  proportions,  as  are  the  fractions  boiling  at  65-70° 
and  94-9?*  &c. 

It  would  have  been  doubtless  interesting  to  have  determined  the  relative 
amounts  of  the  12  fractions  isolated  from  the  decomposed  paraffin ;  but 
when  it  is  considered  that  their  separation  was  only  effected  after  several 
thousand  distillations,  it  will  be  endent  that  the  quantities  obtained  after 
such  tedious  treatment  can  afford  no  real  indication  of  the  amount  present 
in  the  original  liquid.  "VVe  have,  however,  a  distinct  impression  t^iat  the 
amounts  of  liquid  boiling  at  94-97°  and  122-125°  were  but  plightly  (if 
at  all)  less  than  the  quantities  boiling  at  252-255°  and  273-276°. 
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I.  ''  On  tlie  Vapour-density  of  Potassium/' — Preliminary  Notice. 
By  James  Dewar  and  William  Dittmar.  Communicated 
by  H.  E.  RoscoE^  F.R.S.,  Professor  of  Chemistry  in  Owens 
Coll^e^  Manchester.     Received  January  27,  1873. 

Since  the  elaborate  experiments  of  Dc villa  and  Troosfc  on  (lie  vapour- 
densities  of  substances  at  high  temperatures,  littlo  has  been  added  to 
chemical  science  in  this  field  of  research.  Doubtless  this  is  in  great  part 
owing  to  the  difficulty  of  any  one  student  manipulating  the  complex 
apparatus  necessary  for  the  execution  of  the  experiments.  But  the 
operations  are  greatly  increased  in  difficulty  when  we  select  bodies  that 
are  readily  inflammable  in  air  and  attack  \nth  facility  glass  and  porcelain 
at  the  high  temperatures  to  which  they  are  exposed.  This  is  the  reason 
why  the  molecular  weights  of  a  most  important  class  of  elementary 
bodies,  viz.  the  cUkali  metals  (although  these  are  volatile  at  moderate 
temperatures),  have  remained  to  the  present  time  undetennined.  It  was 
with  the  view  of  adding  something  to  our  knowledge  in  this  department, 
that  we  recently  undertook  some  experiments  with  potassium,  the  results 
of  which  we  now  beg  leave  to  lay  before  the  Society.  The  special  diffi- 
culties we  had  to  overcome  are  involved  in  the  endeavour  to  answer  the 
following  questions : — 

1.  Is  it  possible  to  convert  potassium  into  a  gas  of  one  atmosphere*8 
pressure  at  any  of  the  constant  temperatures  we  can  at  present  command  ? 

2.  Is  it  possible  to  generate  ^>((r<;  potassium-vapour  and  to  keep  it 
from  getting  oxidized  ? 

3.  Supposing  a  definite  volume  of  such  vapour  to  have  been  procured, 
how  can  its  weight  be  ascertaineil  ? 

After  a  succession  of  failures,  which  we  shall  not  detail,  we  at  last 
succeeded  in  devising  a  workable  process,  which  may  be  briefly  described 
as  foUows : — 

A  cylindrical  iron  bottle  of  at  least  200  cul).  oentims.  capacity,  of  a 
thickness  in  the  body  ensuring  sufficient  rigidity  at  even  a  bright  red 
heat,  and  provided  with  a  well-groiuid  inbent  neck,  pierced  \i'ith  a  canal 
of  about  2  millims.  in  diameter,  is  employed  as  a  generator  and  recep- 
tacle of  the  vapour. 

A  mass  of  about  20  kilogrs.  of  zinc  contained  in  a  plumbago  crucible, 
which  being  placed  in  a  forge-fire  can  be  readily  heated  up  to  the 
boiling-point,  serves  as  a  bath. 

The  experiment  begins  by  first  deoxidizing  the  inside  of  the  recoptacle 
at  a  red  heat  by  means  of  a  current  of  dry  hydrogen,  which  is  continuously 
maintained  untd  the  bottle  has  cooled  down  below  redness.  At  this 
stage  about  200  gnas.  of  pure  mercury  are  introduced  into  the  bottle, 
which  is  then  inserted  into  the  red-hot  zinc,  without,  however,  covering 
the  upper  extremity  of  the  bottle.  After  |  of  the  mercury  is  distilled 
off  (which  ii  accomplished  in  a  very  short  time),  the  neck  is  withdrawn, 
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and  while  the  mercury-vapours  are  still  streaming  out,  an  iron  test-tube, 
previously  prepared  with  great  care  and  charged  with  4—5  grms.  of 
potassium,  is  dropped  into  the  bottle,  the  neck  reinserted,  and  after  the 
wTioU  of  the  bottle  has  been  immersed  into  the  zinc,  the  blast  of  the  forge 
is  forcibly  increased  so  as,  in  the  shortest  possible  time,  to  bring  the  rinc 
into  the  state  of  boiling,  proper  arrangements  being  made  for  keeping 
the  neck  of  the  bottle  red-hot.  The  potassium  in  a  short  time  begins  to 
volatilize,  issuing  in  jets  into  the  air  and  depositing  caustic  potash  at 
the  nozzle,  which  must  be  kept  clear  by  means  of  an  iron  wire.  As 
soon  as  the  distillation  of  the  potassium  ceases,  the  nozzle  is  closed  by 
means  of  a  ground-in  wire  plug,  at  once  immersed  into  a  mass  of  mer- 
cury contained  in  a  test-tube,  and  the  bottle  withdrawn  to  a  proper 
support,  on  which  it  is  allowed  to  cool. 

After  it  has  reached  a  manageable  temperature,  the  bottle  is  inserted 
into  a  mass  of  recently  boiled  water,  the  wire  plug  withdrawn,  and  the 
hydrogen  formed  by  the  action  of  the  water  on  the  potassium  pumped 
out,  by  means  of  a  "  Sprengel,"  into  a  eudiometer,  to  be  measured. 

In  the  experiments  we  have  hitherto  carried  out,  we  have  satisfied 
ourselves  that  the  amount  of  mercury-vapour  not  swept  out  by  the  potas- 
sium is  quite  inappreciable ;  and  as  our  object  has  been  in  the  mean  time 
to  merely  arrive  at  approximate  results  and  to  perfect  our  methods  of 
manipulation,  we  have  neglected  the  minute  correction,  which,  on 
account  of  that  small  remnant  of  mercury,  ought,  strictly  speaking,  to 
have  been  applied  to  the  volume  of  the  vapour  as  calculated  from  the 
capacity  of  the  bottle  in  the  cold,  the  coefficient  of  expansion  of  iron,  and 
the  temperature  (1040°  Deville)  at  which  the  vapour  was  measured. 

The  results  of  our  observations  conclusively  show  that  the  density  of 
potassium-vapour,  as  produced  in  the  process  described,  caimot  exceed 
45  times  that  of  hydrogen,  and  that  therefore  the  molecule  of  potassium 
consists  of  two  atoms  (K^). 

"We  intend  to  prosecute  our  research  in  other  directions,  proposing  to 
ascertain,  if  possible,  the  densities  of  the  iodides  of  caesium,  rubidium, 
and  potassium,  these  being,  according  to  Bunsen's  experiments,  the  most 
volatile  of  the  haloids  of  the  alkali  metals. 

II.  ''  On  New  Sources  of  Ethyl-  and  Methyl-Amline.''  By  John 
Spiller,  F.C.S.  Communicated  by  Dr:  Debus,  P.R.S.  Re- 
ceived December  10,  1872. 

In  the  process  of  manufacturing  the  Hofmann  violet  by  the  action  of 
ethylic  or  methylic  iodide)  upon  rosaniline  or  one  of  its  salts,  there  is  al- 
ways produced  a  considerable  quantity  of  a  dark-coloured  resinous  or  pitch- 
like substance,  which  has  received  the  name  of  "  Hofmann  gum."  This 
by-product  varies  in  amount  and  consistence  according  to  the  shade  of 
violet  simultaneously  produced   being  much  more  abundant  when  the 
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iodide  is  employed  in  large  proportion  for  the  purpose  of  obtaining  the 
bluer  shades.  It  has  hitherto  received  no  technical  application,  but  ao- 
cumulates  as  a  waste  refuse  in  the  Aniline  Dye-Works  where  Dr.  A, 
W.  Hofmann's  process  is  used. 

Whether  obtained  by  the  ethylic  or  methylic  reaction,  the  properties  of 
this  body  may  be  briefly  summarized  as  follows  : — It  is  easily  fusible  in 
boiling  water,  and  very  nearly  of  the  same  gravity,  for  it  sinks  or  s\\ims 
with  the  slightest  current,  being  itself  all  but  insoluble  in  that  liquid.  In 
dilute  acids  (sulphuric  and  hydrochloric)  it  is  freely  soluble,  giving  dark- 
brown  liquids,  from  which  the  gum  may  be  again  thrown  down  unchanged 
by  neutralizing  with  alkali.  Alcohol  and  benzol  dissolve  it  freely,  espe- 
cially when  heated  to  nearly  the  boiling  temperature ;  and  glacial  acetic 
acid  likewise  holds  it  in  solution,  being  precipitated,  however,  on  dilution 
with  water. 

During  the  past  year  a  great  number  of  experiments  have  been  made 
upon  Yarious  descriptions  of  Hofmann  gum,  varying  in  their  origin  and 
quality  according  to  the  amount  and  nature  of  the  iodide  concerned  in 
their  production.  The  results  naturally  divide  themselves  into  two  series, 
according  as  they  happen  to  be  ethyl  or  methyl  derivatives,  but  there 
appears  to  be  a  perfect  parallel  between  the  two  cases  ;  and  as  much  in- 
terest attaches  just  now  to  the  economical  production  of  methyl-aniline, 
the  work  has  rather  extended  in  the  direction  of  the  methyl  gums. 

Without  further  preface,  I  may  state  that  the  object  of  this  note  is  to 
announce  the  fact  that  these  gums  furnish  a  large  quantity  ot*  methyl- 
aniline  by  destructive  distillation.  After  the  Hofmann  gum  has  been 
kept  fused  for  some  time  to  drive  off  nearly  the  whole  of  the  enclosed 
water,  it  is  charged  into  an  iron  still,  either  \i-ith  or  Anthout  the  addition 
of  roughly  powdered  charcoal,  and  then  submitted  to  a  greater  heat  over 
a  coke  fire*.  An  oily  body  of  nauseous  odour  soon  commences  to  come 
over,  and  the  distillation  may  be  safely  carried  on  until  the  product 
amounts  to  half  the  weight  of  the  gum  originally  employed.  Small  quan- 
tities of  water  and  ammonia  commonly  appc^ar,  together  with  a  little  per- 
manent gas  ;  but  practically  the  oil  and  rt^sidual  pitch  may  be  said  to  be 
the  sole  resultants  of  the  operation.  This  oily  body  is  methyl-aniline,  and 
when  purified  by  rectification  in  glass  retorts  becomes  nearly  colourless, 
boiling  at  200°  C,  and  rising  only  a  few  degrees  above  that  point  towards 
the  end  of  the  distillation.  Not  only  does  it  possess  the  peculiar  odour 
so  characteristic  of  methyl-aniline,  but  the  oil  has  the  required  boiling- 
point  as  stated  above,  and  the  remarkable  property  of  forming  perma- 
nently liquid  compoimds  (not  crystallizable)  with  any  of  the  ordinary 
adds.  When  acted  upon  wdth  arsenic  acid,  at  or  near  the  boiling-point 
of  the  mixture,  it  furnishes  a  violet  of  somewhat  red  shade,  which  may 

*  A  mixture  of  pulrerized  iron  borings,  kaolin,  and  syrupy  silicate  of  soda  forms  an 
OKxllent  lute  for  fixing  on  the  head  of  the  still,  as  it  withstands  a  high  temperature 
without  Boffcening. 
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be  employed  as  a  dye ;  and  the  oil  gives  colours  of  various  tints  when 
treated  with  other  oxidizing  agents,  according  to  the  usual  reactions  of 
methyl-aniline.  The  red-violet  from  the  arsenical  melt  may,  after  puri- 
fication, be  converted  into  the  bluer  shades  by  the  Hof  mann  process,  when 
a  new  generation  of  gum  is  again  observed. 

The  specific  gravity  of  the  methyl-aniline  oil  has  varied  a  little  in  dif- 
ferent operations,  but  keeps  within  the  ranges  of  0*95  and  0*97.  It  is 
probable  that  this  trifling  variation  may  be  ascribed  to  admixtures  of  di- 
methyl-aniline, due  in  part  to  the  introduction  of  higher  methylated  pro- 
ducts into  the  crude  gum  employed  in  these  experiments. 

By  operating  in  a  similar  manner  upon  the  ethi/l  gums  the  corresponding 
ethyl-aniline  has  been  obtained,  the  boiling-point  of  which  was  higher  and 
not  so  definite  (205^-210°  C.)  as  in  the  case  of  the  oil  already  described. 

By  way  of  conclusion,  and  as  giving  further  proof  towards  establishing 
the  identity  of  the  new  oils  with  ethyl-  and  methyl-aniline  respectively, 
it  may  be  stated  that  they  fail  to  give  Girard's  blue  when  heated  with 
rosolic  acid  or  rosaniline,  but  take  the  peculiar  course  of  changing  slightly 
towards  violet,  and  then  suddenly  becoming  decolorized, — reactions  almost 
without  parallel  in  the  history  of  the  tinctorial  aniline  derivatives. 

[Specimens  of  the  so-called  Hofmann  gum,  of  the  ethyl-aniline  and 
methyl-aniline  oils,  and  skeins  of  silk  and  cotton  dyed  with  the  reddish 
(or  primitive)  violet  made  from  the  latter,  accompanied  this  commmiica- 
tion. — J.  S.] 

III.  ^^  On  a  new  Genus  of  Amphipod  Crustaceans.''  By  Rudolph 
VON  WiLLEMOES-SuHM,  Ph.D.,  Naturalist  to  the  ^Challenger' 
Exploring-Expedition.  Communicated  by  Prof.  Wyville 
Thomson,  F.R.S.,  Director  of  the  Civilian  Scientific  Staff  of 
the  Expedition.     Received  February  27,  1873. 

(Abstract.) 

In  lat.  35°  47',  long.  8°  23',  off  Cape  St.  Vincent,  the  trawl  was  sent 
do^vn  to  a  depth  of  1090  fathoms  on  the  28th  of  January,  and  brought 
up,  among  other  very  interesting  things,  a  large  transparent  Amphipod 
with  enormous  faceted  eyes.  The  animal,  evidently  hitherto  unknown, 
will  bo  the  type  of  a  new  genus,  having  the  following  characters : — 

Thaumops,  nov.  gen. 

Caput  oblongum,  inllatum,  oculis  maximis  superiorem  capitis  partem 
tegentibus.  Segmcnta  thoracica  G,  abdominalia  5.  Antennarum  in 
feminis  par  unum,  maxiUarum  par  unum,  pedum  paria  duo  minimfi. 
maxillarum  locum  teuentia.     Mandibulae  null©.     Pedes  thoracid  6, 

Vabdominales  3  in  quoque  latere.     Appendices  caudales  4.     Qangli- 
orum  pectoralium  paria  5,  abdominaliiun  3. 
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Thaumoj)s  lyelliicida^  n,  sp. 
Corpus  longitudino  14  mm.,  latitudine  21  mm.,  pellucidum. 

An  anatomical  description  of  this  interesting  animal  is  given,  illustrated 
by  two  plates ;  and  it  is  sho>\'n  that,  among  the  Amphipods  known  to  us, 
Fhronima  is  its  nearest  relation.  But  there  are  so  many  points  in  which 
this  genus  differs  from  Phranima,  that  it  cannot  form  a  member  of  the 
fiuxulj  Phronimidsd ;  and  I  therefore  propose  to  establish  for  it  a  new 
family,  Thaumopidsa,  belonging  to  the  tribe  of  Ilifperina, 

The  form  of  the  l^ead  is  totally  different  from  that  of  Phroninut ;  the 
antenna)  are  not  situated  near  the  mouth,  but  at  its  front,  and  the 
enormous  faceted  eyes  occupy  its  upper  surface.  The  first  two  pairs  of 
tiioradc  appendages  are  not,  as  iu  Phronima,  ambulatory  legs,  but 
maxiUipeds,  so  that  only  five  pairs  of  legs  are  ambulatory  in  Huiiunops, 
The  thorcuc  is  composed  of  six  segments — the  first  of  which  has,  on  its 
underside,  the  vulva  and  one  pair  of  maxillipeds ;  and  the  second,  re- 
presenting two  segments,  bears  two  pairs  of  appendages,  the  larger 
maxilliped  and  the  first  pair  of  ambulatory  logs.  The  abdomen  consists 
of  fire  segments,  \iith  three  pairs  of  pedes  spurii,  the  caudal  appendages 
being  attached  to  the  fourth  and  fifth  segments. 

The  animal  being  beautifully  transparent,  the  nervous  system  could  bo 
carefully  worked  out  without  dissecting  it ;  the  position  of  the  nerves 
going  out  from  the  cephalic  ganglion,  as  well  as  that  of  the  five  pairs  of 
thoracic  and  the  three  pairs  of  abdominal  ganglia,  could  be  ascertained. 
The  eyes^  having  at  their  borders  very  peculiar  appendages,  were  examined, 
and  a  description  is  given  of  the  structure  of  the  large  crystalline  bodies 
which  are  to  be  seen  in  them.  Organs  of  hearing  and  touch  have  not 
been  discovered. 

The  mouHi  is  covered  by  a  pair  of  maxilla)  and  a  small  labium.  There 
is  a  recurved  oesophageal  passage  leading  into  a  large  ciecal  stomach, 
and  an  intestinal  tube  departing  from  near  the  end  of  the  oesophagus  and 
running  straight  to  the  anus. 

The  heart  is  an  elongated  tube  extending  from  the  second  to  the  fifth 
'segment,  with  probably  three  openings.  Three  pairs  of  transparent  sac- 
like gills  are  attached  at  the  base  of  the  second,  third,  and  fourth  pairs  of 
feet. 

Genital  organs, — The  single  specimen  taken  is  a  female.  The  ovarv, 
probably  composed  of  two  ovaries,  has  a  rose-colour,  and  the  genital 
papilla  is  situated  at  the  under  part  of  the  first  segment ;  it  is  covered 
by  two  small  lamellae,  which  in  this  case  did  not  sustain  the  eggs,  which 
were  found  to  be  attached  to  the  first  pair  of  ambulatory  legs.  The 
animal  seems  to  carry  them  in  a  manner  similar  to  the  pycnogouid 
Ifymphan, 

Develojmmt. — ^The  eggs  contained  embryos  having  ahready  the  antennsr, 
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the  five  pairs  of  legs,  and  the  abdominal  feet ;  they  show  that  Thaumops  has 
to  undergo  no  metamorphosis,  and  that  the  joung  ones  leave  the  eggs 
with  all  their  appendages  well  developed. 

Mode  of  life, — ^It  could  not  be  made  out  whether  T,  peUucida  inhabits 
the  deep  sea,  or  whether  it  is,  like  Phronima,  a  pelagic  animal,  having 
been  caught  by  the  trawl  only  as  the  latter  came  up  from  the  depths. 

H.M.S.  'Challenger/  Teneriffe, 
February  13,  1878. 


March  13,  1873. 

WILLIAM  SPOTTISWOODE,  M.A.,  Treasurer  and  Vice- 

President,  in  the  Chair. 

The  following  communications  were  read : — 

I.  ^'  Note  on  Supersaturated  Saline  Solutions.^^     By  Charles 
ToMLTNsoN,  F.R.S.     Received  February  10,  1873. 

In  the  year  18GG,  M.  Gemez  and  M.  Viollette  published  each  a  memoir 
on  supersaturated  saline  solutions*,  in  which  the  same  conclusions  are 
arrived  at,  namely  : — (1)  that  the  only  nucleus  capable  of  suddenly  crys- 
tallizing any  one  of  such  solutions  is  a  salt  of  the  same  kind  as  that  dis- 
solved ;  and  (2)  that  all  bodies,  solid,  liquid,  or  aeriform,  which  apparently 
act  as  nuclei,  are  really  contaminated  with  a  hydrate  of  the  salt  that  forms 
the  supersaturated  solution. 

I  cannot  refrain  from  expressing  my  admiration  at  the  unwearied  skill 
and  patience  with  which  these  two  memoirs  were  prepared.  The  experi- 
ments were  repeated  by  hundreds,  and  under  a  large  variety  of  circum- 
stances, so  that  it  seems  scarcely  possible  to  entertain  any  doubt  as  to 
the  validity  of  the  conclusions  arrived  at.  I  had  not  seen  these  memoirs 
until  long  after  the  publicatiou  of  my  second  paper  on  this  subject  t,  or 
I  should  have  hesitated  in  offering  it  to  ihe  Eoyal  Society  without  spe- 
cial reference  to  them.  What  I  did  see  was  a  very  brief  abstract  of  M. 
Gemez's  memoir  in  the  *  Comptes  Rendus,'  and  to  this  I  refer  in  my  first 
paper  J,  quoting  the  experiments  and  the  decisive  objections  of  M.  Jeannel 
in  opposition  to  M.  Gemez's  conclusions. 

The  experiments  of  Mr.  Liversidge  §  are  identical  in  principle  with 

♦  Annalea  Scientifiques  de  rEcolo  Normale  Sup^rieure,  tome  3*,  Aimde  18G6, 
pp.  167  and  205.  I  am  indebted  for  this  reference  to  the  courtesy  of  M.  I'Abbd 
Hoigno. 

t  Phil.  Trans.  1871,  p.  51. 

X  Phil.  Trans.  1868,  p.  660.  The  reference  to  M.  Jeannel  is  in  the  abstract  of  this 
paper  contained  in  the  '  Proceedings  of  the  Royal  Society,'  May  28,  1868,  p.  406. 

§  Proceedings  of  the  Royal  Society,  toI.  xx.  p.  407. 
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those  of  M.  Yiollette,  and  some  of  them  mere  variations,  such  as  the  proof 
that  bodies  greedy  of  water  and  capable  of  being  hydrated  do  not  produce 
crystallization ;  only  M.  Viollette  made  use  of  calcined  sulphate  of  copper 
instead  of  calcic  chloride  Ac.*  Moreover,  no  fresh  proofs  are  wanted  as 
to  the  non-nuclear  action  of  the  modified  salt  or  of  the  anhydrous  salt 
on  supersaturated  solutions  of  Glauber's  salt. 

Eecently,  MM.  Gemezt  and  Viollette t  have  each,  on  the  occasion  of 
the  publication  of  my  third  paper  (namely,  that  written  in  conjunction 
with  M.  Van  der  Mensbrugghe§),  called  in  question  the  integrity  of  my 
experiments,  M.  Gemez  insisting  that  the  oils  and  other  liquids  employed 
by  me  contain  salts  of  the  same  kind  as  those  of  the  solutions  they 
apparently  acted  on. 

Such  an  assertion  as  this  seems  to  me  to  be  very  difficult  of  proof ; 
and  it  seems  equally  bold  to  assume  that  the  air  of  an  open  garden 
in  the  country  contains  salts  of  various  kinds,  watching  their  oppor^ 
tunity  to  get  into  my  flasks  and  vitiate  the  results  of  my  experiments. 

I  desire  to  invite  special  attention  to  a  statement  made  in  my  second 
paper ;  the  more  so  because,  without  desiring  for  a  moment  to  call  in 
question  the  negative  results  obtained  by  MM.  Gemez  and  Viollette, 
namely,  that  pure  oils  &c.,  as  used  by  them,  whether  in  the  form  of  films 
or  globules,  do  not  cause  the  solutions  to  crystallize,  the  method  indicated 
opens  a  new  process  for  ascertaining  whether  there  is  really  any  other 
nucleus  except  a  salt  of  the  same  kind.  The  statement  referred  to  is  as 
follows : — 

"  A  solution  of  two  parts  of  Glauber's  salt  to  one  part  of  water  was 
boiled  and  filtered  into  three  flasks,  which  were  covered  with  watch- 
glasses  and  left  until  the  next  day.  A  drop  of  castor-oil  was  then  placed 
upon  the  surface  of  each  :  it  formed  a  lens  which  gradually  flattened ; 
but  there  was  no  separation  of  salt,  even  when  the  flasks  were  shaken  so 

as  to  break  up  the  oil  into  small  globules If,  while  the  flask  is 

being  turned  round,  a  sudden  jerk  be  given  to  it,  so  as  to  flatten  some  of 
the  globules  against  the  side  into  films,  the  whole  solution  instantly  be- 
comes solid"  Ij. 

I  desire  on  the  present  occasion  to  describe  a  number  of  experiments 
in  which  this  process  has  been  observed.  But  anticipating  the  objection 
that  the  various  oils  that  have  been  long  on  my  shelves,  and  already  used 
in  former  experiments,  may  really  contain  various  kinds  of  saline  nuclei, 
I  procured  from  a  wholesale  house  a  number  of  fresh  specimens  of  oil. 
These  were  the  oils  of  lavender,  bergamot,  cajuput,  sesame,  rape,  almonds, 

*  On  the  sorface-teiiBion  theory,  it  is  not  inaccurate  to  say  that  absolute  alcohol  robs 
the  solution  of  water,  and  so  determines  crystallization,  since  the  mixture  of  alcohol 
and  water  degrades  the  tension  of  the  solution. 

t  Comptes  Bendus,  toI.  Ixxv.  p.  1705.  t  Ihid,  vol.  Ixxri.  p.  171. 

§  Prooeedings  of  the  Boyal  Society,  vol.  xx.  p.  342. 

I  PhU.  Trans.  1871,  p.  ^5. 
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olivo,  and  spenii.  I  did  not  allow  these  oils  once  to  enter  my  laboratory, 
but  kept  them  in  my  library,  and  never  opened  the  phials  except  in  the 
open  air. 

The  flasks  and  dropping-tubes  were  washed  in  strong  sulphuric  acid, 
and  rinsed  in  tap-water,  the  tubes  being  kept  immersed  in  clean  water 
in  the  open  air.  The  solutions  were  filtered  into  the  flasks,  and  these, 
being  covered  with  small  beakers,  were  reboiled  until  steam  issued  from 
the  orifice. 

The  flasks  were  then  taken  into  my  garden,  and  when  cold  an  oil  was 
dropped  upon  the  surface  of  each  solution.  If  the  oil  formed  a  well- 
shaped  lens,  there  was  no  separation  of  salt;  and  in  many  cases,  instead 
of  restoring  the  small  beaker  to  its  place,  a  well-fitting  cork  was  driven 
into  the  neck,  and  the  flasks  were  thus  left  for  a  time,  on  some  occasions 
extending  to  the  next  day. 

In  order  to  avoid  the  objection  that  during  the  shaking  crystallization 
might  be  produced  by  some  of  the  solution  splashing  against  the  cork, 
many  of  these  experiments  were  repeated  in  a  pear-shaped  flask,  nearly 
12  inches  in  height,  and  containing  about  2  or  3  ounces  of  the  solution. 
Most  of  the  experiments  were  tried  in  globular  flasks  of  6  ounces  capacity, 
with  straight  cylindrical  necks  4  inches  high. 

Rvpenment  1.  Sodic  sulphate — 1  salt,  1  water.  Solution  in  tall  flask 
covered  with  a  small  beaker.  Next  day  oil  of  sweet  almonds  was  dropped 
into  it,  and  the  flask  corked.  After  about  an  hour  a  circular  motion  was 
given  to  the  flask,  so  as  to  disperse  the  oil  into  minute  globules  through 
the  solution,  giving  it  the  appearance  of  an  emulsion.  The  flask  was  left 
at  rest  during  about  an  hour,  then  suddenly  shaken,  so  as  to  rattle  the 
solution  against  the  side,  when  all  at  once,  as  if  with  a  flash,  it  became 
solid. 

Now  in  this  case  it  may  be  objected  that  a  crystal  of  the  sodic  sulphate 
hydrate  was  derived  from  one  of  the  following  sources: — (1)  from  the 
air,  (2)  from  the  oil,  (3)  from  the  cork,  or  (4)  from  the  side  of  the  flask. 
(1)  It  could  not  be  derived  from  the  air,  either  of  the  laboratory  or  of 
the  garden,  because  the  solution  remained  liquid  loug  aft^r  the  flask  had 
been  corked.  (2)  It  could  not  have  been  derived  from  the  oil,  because 
this  was  dispersed  through  the  solution  in  myriads  of  globules,  without 
any  nuclear  action,  and  the  flask  was  left  to  repose  for  an  hour  after  the 
oil  had  been  so  dispersed.  (3)  Nor  could  any  nucleus  have  been  derived 
from  the  cork,  because  the  solution  never  touched  it.  Nor  could  a  mi- 
nut-e  speck  of  the  sodic  sulphate  hydrate  have  fallen  from  thetjork;  for  the 
latter  had  been  put  into  hot  water,  out  of  which  it  was  taken  the  moment 
it  was  put  into  the  flask.  It  could  not  have  been  derived  from  any  of 
the  hot  water  from  the  cork  streaming  down  the  side  of  the  flask  to  the 
solution,  because  sodic  sulphate  in  solution  is  in  the  non-nuclear  anhy- 
drous state,  and  also  because  two  hours  had  elapsed  between  the  cork- 
ing of  the  flask  and  the  solidification  of  the  solution,    (4)  A  crystal  could 
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not  hare  boon  derived  from  the  walla  of  the  flask,  because  the  solution 
had  been  briskly  boiled  in  it,  so  that  steam  escaped  with  considerable 
force  from  the  neck  after  the  small  beaker  had  been  put  on.  Hence 
I  am  compelled  to  fall  back  on  my  former  statement  * — namely,  that  the 
oil  acted  as  a  nucleus  by  the  flattening  of  one  or  more  of  the  globules 
against  the  wall  of  the  flask  into  the  form  of  film. 

A  globular  flask,  containing  the  same  solution  and  the  same  oil,  was 
corked,  and  the  oil  dispersed  in  globules.  It  was  left  some  hours,  with 
occasional  shaking,  so  as  to  rattle  the  solution  against  the  side.  The 
Tattling  motion  was  purposely  less  energetic  than  in  the  former  case, 
to  avoid  splashing  against  the  cork.  This  solution  crystallized  after 
it  had  been  left  a  short  time  at  rest ;  and  it  did  so  in  large  flat  crystals, 
described  in  my  second  paper,  very  different  from  the  minute  radial  ac- 
tion noticed  when  crystallization  sets  in  from  a  point  t. 

A  similar  flask,  containing  the  same  solution,  was  treated  with  oil  of 
bergamot,  a  drop  of  which  was  allowed  to  trickle  down  the  side  of  the 
flask.  As  soon  as  the  oil  touched  the  solution,  crystallization  set  in, 
the  radiant-point  coinciding  with  such  point  of  contact,  and  the  whole 
lorfaoe  was  covered  with  fine  lines  diverging  from  this  point  alone. 

In  another  case  a  drop  of  the  oil  of  rosemary  was  deposited  on  the 
centre  of  the  solution.  On  shaking  the  flask,  the  solution  assumed  the 
solid  state. 

Two  flasks,  containing  the  same  solution,  crystallized  under  the  influ- 
ence of  oil  of  lavender. 

Five  flasks,  with  the  same  solution,  crystallized  under  the  action  of 
sperm-oil. 

KvperimetU  2,  Sodic  sulphate — 2  salt,  1  water.  In  three  flasks  the 
solution  crystallized  on  the  addition  of  olive-oil,  the  first  immediately,  and 
the  other  two  after  being  shaken. 

Experiment  3.  Sodic  sulphate — 3  salt,  1  water.  This  solution  crys- 
tallized imder  the  action  of  the  oils  of  bergamot,  almonds,  colza,  rape,  and 
sesame. 

Erperiment  4.  Sodic  sulphat<i — 3  salt,  IjJ  water,  in  six  flasks,  all  of 
which  crystallized  under  the  action  of  sesame  oil. 

Experiment  5.  Potash  alum — 8  salt,  3  wator.  The  solution  crystal- 
lized suddenly,  as  with  a  flash,  on  being  shaken  up  with  oil  of  olives. 
This  is  the  more  remarkable,  as  the  usual  action  of  a  nucleus  is  to  pro- 
duce a  solitary  octahedron,  which  grows  rapidly  until  the  solution  becomes 
solid.  This  last  effect  was  produced  by  a  less  violent  shaking  of  the  solu- 
tion in  contact  with  oil  of  lavender. 

Experitnent  6.  Ammonia  alum — 8  salt,  7  water.  On  shaking  the 
solution  with  olive-oil  it  suddenly  became  solid,  and  of  an  opaque  chalky 
white. 

This  selection  from  a  large  number  of  experiments  maybe  sufficient  to 
»  Phil.  Trans.  1871,  p.  52  et  seq,  t  Ibid.  p.  54. 
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answer  my  present  purpose — namely,  to  show  that  some  supersaturated 
saline  solutions  really  do  crystallize  under  the  action  of  other  nuclei  than 
a  salt  of  the  same  kind  as  that  of  the  solution  operated  on. 

My  experiments  were  performed  in  the  open  air,  at  temperatures  be- 
tween 30°  and  50°  F.  At  comparatively  low  temperatures  the  shaking  of 
the  flask  containing  the  solution  sometimes  produced  a  copious  liberation 
of  anhydrous  salt,  which  rapidly  combines  with  water  and  forms  the 
7-atom  hydrate*;  but  on  allowing  the  flask  to  rest  for  some  time, 
it  generally  happens  that  the  solution  becomes  solid,  and  the  7-atom  salt 
opaque  white. 

I  may  perhaps  be  allowed  to  stat«  that  my  experiments,  conducted  as 
they  were  in  the  open  air,  were  delayed  by  the  rainy  weather  of  last  year. 
There  is,  however,  this  advantage  in  wet  weather,  that  the  saline  particles 
said  to  exist  in  the  air  are  washed  down  and  brought  into  solution,  in 
which  condition  they  are  not  nuclear,  as  I  have  already  shown  in  the  case 
of  sodic  sulphate,  alum,  and  one  or  two  other  salts  t.  On  the  other  hand, 
fine  weather  has  its  advantages ;  not  only  are  the  surfaces  of  the  solu- 
tions more  active  and  the  evaporative  force  stronger,  but  hydrated  salts, 
said  to  exist  in  the  air,  part  with  their  water  of  crystallization  so  readily 
as  to  reduce  them  to  the  non-nuclear  condition.  This  is  especially  the 
case  with  sodic  sulphate.  I  have  already  shown  that  supersaturated 
solutions  of  this  salt  may  be  exposed  to  the  air,  both  in  fine  and  wet 
weather,  for  a  long  time  without  crystallizing  J,  as  well  as  the  fact  just 
noticed  §,  that  a  solution  of  a  salt  does  not  act  as  a  nucleus  to  its  super- 
saturated solution.  Moreover,  if  sodic  sulphate  exist  in  the  dusty  air  of 
a  room,  it  cannot  retain  the  hydrated  fonn  during  many  minutes,  but 
must  rapidly  pass  into  the  anhydrous,  in  which  it  is  no  longer  a  nucleus. 

♦  The  view  adopted  by  me  that  the  supersaturated  solution  of  sodic  sulphate  con- 
tains the  anhydrous  salt  in  solution,  and  that  this  is  first  thrown  down  on  lowering  the 
temperature,  agitating,  &c.,  has  been  objected  to,  on  the  ground  that,  according  to 
liowel,  it  is  the  7-atom  hydrate  that  is  really  in  solution  and  is  deposited  on  cooling. 
There  are  numerous  proofs  that  it  is  the  anhydrous  salt  which  is  really  in  solution  ; 
these  I  have  collected  in  two  i>apers,  contained  in  the  '  Chemical  News'  of  3rd  and  10th 
December  1869.  That  the  7-atom  hydrate  is  built  up  on  the  anhydrous  salt  may,  I 
think,  be  shown  by  an  experiment.  Two  flasks  containing  a  solidified  solution  of  sodic 
sidphate  of  the  same  strength  are  heated  over  a  s>pirit-lamp ;  one  of  the  flasLs  is  con- 
stantly turned  round  on  the  ring  of  the  retort-stand  until  the  whole  of  the  salt  has 
entered  into  solution ;  it  is  then  boiled,  closed,  and  set  aside.  The  other  flask,  during 
the  heating,  is  allowed  to  remain  at  rest  over  the  flame  for  a  short  time,  so  as  to 
liberate  a  portion  of  the  anhydrous  salt.  This  flask  is  also  boiled,  although  the  ope- 
ration is  interrupted  by  violent  bumpings.  It  is  closed  and  placed  by  the  side  of 
the  other  flask,  imder  the  same  conditions*.  Wlien  both  flasks  are  cooled  down  to  the 
temperature  of  the  air  (say  about  50°),  the  flask  containing  the  anhydrous  salt  will  con- 
tain a  crop  of  the  7-atom  hydrate,  built  upon  the  anhydrous  deposit.  The  other  Cask 
will  have  no  crystalline  deposit  at  all. 

t  Chemical  News,  February  4,  1870,  p.  52. 

%  Proceedings  of  the  Boyal  Society,  1871,  p.  41. 

§  Chemical  News,  February  4,  1870,  p.  52. 
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Seeing,  then,  that  in  the  case  of  sodic  sulphate,  which  is  said  to  be 
always  present  in  the  air  of  rooms,  and,  according  to  MM.  Gemez  and 
Viollette,  even  in  that  of  the  country,  the  chances  are  that  it  is  most 
likely  to  be  present  either  in  the  effloresced  condition  or  in  solution, 
and  equally  non-nuclear  in  both,  I  cannot  help  thinking  that  too  much 
importance  has  been  given  to  this  part  of  the  subject;  for  if  it  be 
true,  we  are  reduced  to  the  dilemma,  pointed  out  by  M.  Jeannel*,  that 
t-here  must  be  floating  in  the  air  specimens  of  all  kinds  of  salts  that  form 
supersaturated  solutions  and  crystallize  by  the  introduction  of  a  solid 
nacleus ;  whereas  there  are  some  such  salts  which  cannot  exist  in  the  pre- 
sence of  the  oxygen  or  of  the  ammonia  of  the  air. 

II.  "  Visible  Direction :  being  an  Elementary  Contribution  to 
tlie  Study  of  Monocular  and  Binocular  Vision.^'  By  James 
Jago,  M.D.  Oxon.,  A.B.  Cantab.,  F.R.S.  Received  February 
12,  1873. 

(Abstract.) 

It  is  a  well-known  fact  that  when  the  eye  has  been  displaced  in  its 
socket,  as,  for  instance,  by  the  tip  of  the  finger  applied  to  the  eyeball 
through  the  eyelid,  all  objects  seen  by  it  deviate  from  their  true  direc- 
tions ;  and  the  author's  mode  of  proceeding  in  this  paper  is  to  inquire 
whether  visual  deviations  that  may  be  observed  in  arbitrary,  but 
methodically  devised,  displacements  of  the  eyeball  in  its  socket  follow 
any  law,  and  then  to  consider  how  far  the  results  thus  derived  are  con- 
formable with  other  monocular  and  binocular  experiences,  and  how  far 
they  may  be  available  in  the  explanation  of  certain  phenomena  that  have 
been  deemed  anomalous  in  physiological  optics. 

Having  pointed  out  means  by  which  the  ball  may  be  easily  displaced  in 
any  direction,  he  draws  attention  to  the  fact  that,  when  by  such  means 
the  apparent  directions  of  objects  seen  by  the  eye  are  made  to  deviate  from 
their  true  directions  through  fully  30°,  the  orbital  muscles  so  fully  retain 
their  command  over  the  movements  of  the  eyeball,  that  that  point  in  the 
visual  field  which  was  painted  on  the  point  of  direct  sight  in  the  centre 
of  the  foramen  centrale  retina)  still  continues  to  be  there  painted.  He 
shows  this  to  happen  whatever  be  the  direction  in  which  the  eyeball  is 
displaced  in  its  orbit. 

This  fact  being  a  fundamental  one  in  the  inquiry  he  has  in  hand,  he  puts 
it  to  nicer  tests  still. 

He  adjusts  the  two  eyes,  when  equally  displaced  so  as  to  cause  objects 
to  deviate  greatly  from  their  true  directions,  to  look  awhile  at  the  top  of 
a  high  object  in  the  open  air,  and  having  obtained  a  strong  spectrum  of 
this  object  in  the  retina),  he,  with  the  released  eyes,  looks  at  an  appro- 
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piiate  mark  on  a  grey  wall,  and  finds  that  the  spectrum  really  has  its 
margin  across  the  point  of  direct  sight ;  and  he  tries  other  experiments 
in  corroboration. 

Also  by  agitating  a  pin-hole  in  a  card  across  the  eye  when  looking  at 
such  a  high  object,  he  brings  the  retina  into  view,  and  sees  that  the  point 
of  direct  sight  is  visibly  within  the  foramen  centrale  retinsD,  as  made  visible 
by  the  shadow  of  the  wall  that  bounds  the  foramen.  He  indicates  othop 
means  of  proving  the  same  fact. 

He  gathers  from  a  series  of  experiments  that  the  mastery  of  the  orbital 
muscles  over  such  movements  of  the  eyeball  as  are  requisite  for  pointing 
the  optic  axis  to  its  objective  point,  is  practically  unimpaired  by  such 
shiftings  of  the  eyeball  iu  its  socket  as  have  been  described. 

He  then  proceeds  to  show  that  the  regulating  duties  of  the  orbital 
muscles,  when  the  eyeball  is  displaced  in  its  orbit,  are  not  only  fulfilled 
as  to  the  rotation  of  the  optic  axis  about  a  central  point,  but  as  to  the 
rotation  of  the  eyeball  about  this  axis.  To  make  experiments  to  this  end, 
we  must  have  another  subjectively  visible  retinal  spot  besides  the  foramen 
centrale ;  and  this  we  negatively  have  in  the  punctum  caecum,  or  at  the 
base  of  the  optic  nerve. 

A  diagram  is  devised  by  which  we  may  manage  that  one  point  of  it 
shall  be  seen  by  the  direct  sight  of  both  eyes,  whilst  another  point  is  found 
to  fall  in  the  middle  of  the  blind  spot  of  one  eye ;  and  the  diagram  is 
examined  by  this  eye  when  this  has  been  pushed  from  its  orbital  place 
upwards,  downwards,  inwards,  and  outwards,  and  in  various  oblique 
directions,  besides  when  more  or  less  twisted  on  its  axis ;  and  thus  it  is 
demonstrated  that  what  happened  with  the  point  of  direct  sight  in  the 
retina  happens  equally  surely  for  every  other  retinal  point — that  under 
all  these  displacements  the  orbital  muscles  do  not  forfeit  their  control  of 
the  eyeball,  but  so  regulate  its  movements  that  the  different  points  of  the 
field  of  vision  remain  constantly  painted  on  the  same  retinal  points. 

From  these  and  other  methodically  continued  experiments,  he  draws 
the  general  inference,  that  if  the  centre  of  the  foramen  centrale  retinae 
be  forced  at  any  instant  from  its  position  by  any  sort  of  manipu- 
lation, and  then  made  to  describe  a  circle  round  its  first  position  of  ease 
whilst  the  optic  axis  has  never  ceased  to  remain  parallel  to  its  first  direc- 
tion (that  is,  has  generated  a  cylinder  in  revolving),  the  axis  of  the 
seeming  field  of  vision  will  have  so  revolved  as  to  have  generated  a  cone, 
whose  apex  is  posterior  to  the  retina  in  the  first  or  undisturbed  direction 
of  the  optic  axis.  The  like  might  h%ve  been  said  of  any  other  normal 
to  the  retina,  the  axis  of  the  base  of  the  optic  nerve,  for  instance,  were  it 
accessible  to  light ;  whilst  a  twisting  retinal  movement  about  a  fixed  axis 
twists  the  seeming  field  of  vision. 

If  the  optic  axis  revolve  so  as  to  generate  a  cone  whose  apex  is  in  front 
of  the  eye,  the  axis  of  the  seeming  field  may,  according  to  circumstanceSi 
generate  a  cylinder,  or  a  more  acute  cone  enclosing  the  other. 
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ConTerseljy  the  paraUax  of  the  visual  field  being  noted,  we  can  assign 
the  retinal  displacements  that  have  produced  them. 

Should  undue  contraction  of  any  orbital  muscle,  or  discordant  con- 
tractions of  the  orbital  muscles,  engender  visual  parallaxes,  we  may  as 
safely  judge  from  these  parallaxes  of  the  retinal  displacements  that 
must  have  been  induced,  as  if  they  had  been  due  to  manipulation  of  the 
eyeball. 

In  these  summarized  conclusions  we  have  the  means  of  solving  highly 
important  problems  in  physiological  optics. 

It  is  found  that  sensation,  or  the  function  of  responding  to  objective 
light,  is  exclusively  resident  in  the  retinal  elements  of  the  bacillar  layer, 
but  that  the  visual  functions  of  the  retina  extend  no  further ;  for  it  has 
been  evinced  in  manifold  experiments  that  when  the  axes  of  all  the 
pencils  of  objective  light  which  concur  in  imaging  a  picture  upon  the 
retina  are  normals  to  its  surface,  any  point  in  the  picture  may  be  perceived 
as  lying  in  successive  directions,  forming  very  variable  angles  with  and 
round  about  its  normal.  The  retina  cannot  inform  us  of  the  visible 
direction  of  any  point  painted  on  its  surface. 

This  being  so,  there  is  no  alternative  but  to  seek  for  a  solution  of  the 
mystery  in  the  structure  out  of  which  the  retina  proceeds,  for  the  pro- 
perty in  question  is  plainly  inherent  in  the  visual  nervous  apparatus. 

The  author  recalls  that  he  had  long  ago  pointed  out  that,  though  the 
optic  nerve  in  its  orbital  course  and  its  fibres  in  their  retinal  course 
are  obnoxious  to  mechanical  pressure,  no  visual  sensation  can  be  im- 
mediately produced  by  such  pressure  on  nerve-trunks  or  branches.  Sen- 
sation can  only  be  produced  by  pressure  through  the  sclerotic  by  afitecting 
the  rods  and  cones  of  the  bacillar  layer,  and  then  only  when  the  flexure  of 
the  retina  crowds  together  the  internal  (as  to  the  eye)  ends  of  the  bacillar 
elements.  He  cites  his  former  words : — "  When  we  turn  in  the  dark  the 
eyeballs  sharply,  or  even  mildly,  a  couple  of  white  circular  rings,  brighter  at 
one  margin  than  the  other,  enclosing  a  paler  area  with  a  central  dark  spot, 

flash  forth,  the  diameter  extending  an  angle  of  several  degrees 

The  phenomenon  is  plainly  the  result  of  flexure  of  the  retina  where  the 
nerve  runs  into  it,  as  the  eye  is  pulled  round  in  its  socket  until  it  drags 
upon  the  nerve ;  and  it  is  to  be  noted  that  it  is  cufain  where  the  inner  re- 
tinal elements  are  squeezed  laterally  that  the  phenomenon  is  disclosed." 
The  absence  of  the  tough  and  dense  sclerotic  where  the  nerve  penetrates 
it,  as  well  as  of  the  choroid,  indicates  how  readily  the  nerve  must  yield  to 
the  slightest  traction. 

In  these  previously  recorded  fact«  the  author  feels  assured  that  he 
hady  unwittingly,  provided  himself  with  a  key  to  the  secret  of  visible 
direction. 

For  it  has  been  shown  by  diversified  experiments  that  whenever  there 
is  a  paraUax  in  visible  direction  it  is  accompanied  with  a  displacement  of 
the  base  of  the  optic  nerve  in  the  same  direction,  that  is  to  say,  with  tra^ 
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tion  upon  the  nerve-stem,  tending  to  carry  its  distal  extremity  that  way. 
The  "  white  circular  rings,  brighter  at  one  margin  than  the  other,"  have 
been  instanced  as  proclaiming  that  such  traction  cannot  occur  without 
flexure  between  the  nerve-st^m  and  the  eye-apple,  which  displays  itself 
at  the  junction  of  the  optic  disk  with  the  surrounding  retinal  expansion. 
In  other  words,  under  the  concordant  action  of  the  orbital  muscles,  all  the 
movements  of  the  globe  are  so  equably  coordinated  that  the  nerve-stem  is 
never  subjected  to  unwonted  traction,  and  consequently  always  emerges 
through  the  ocular  tissues  to  open  out  into  the  retina  as  a  normal  to  their 
surfaces,  in  which  case  no  visual  parallax  appears.  But  no  sooner  is  there 
lateral  traction  than  the  axis  of  the  emergent  nerve-stem,  or  of  the  optic 
disk,  deviates  from  the  said  normality ;  and  were  that  disk  impressible 
by  objective  light,  its  central  point  would  deviate  in  the  same  direction, 
and  an  equal  deviation  in  visible  direction  would  be  associated  with  every 
other  point  in  the  visual  field. 

Hence  we  are  fairly  landed  upon  the  conclusion  that  visible  direction, 
which  has  already  been  tracked  backwards  to  the  optic  nerve,  is  a  function 
of  its  terminal  direction,  being  identical  with  it  at  the  centre  of  the  optic 
disk,  both  in  the  equable  use  of  the  eye  and  in  the  unequable. 

Finally,  it  is  clear  that  if  the  eyeball  be  twisted  round  the  axis  of  the 
optic  disk  the  terminal  portion  of  the  nerve  will  be  twisted  in  the  same 
direction ;  and  thus  the  opposite  twisting  of  the  visible  field  in  certain  ex- 
periments related  are  explicable  by  the  same  hypothesis — an  hypothesis 
that  accounts  for  all  the  phenomena  of  visible  direction,  whether  regular 
or  irregular. 

"VVTienever  the  inverted  retinal  image,  by  means  of  nervous  arrangement, 
is  rrinverted,  an  erect  image  is  seemingly  projected,  if  not  from,  by  means 
of  the  base  of  the  optic  nerve. 

The  principles  here  arrived  at,  when  applied  to  binocular  vision,  lead 
to  the  observation  of  phenomena  that  have  not  been  before  put  on 
record. 

"Wheats tone,  in  his  classic  paper  in  the  Philosophical  Transactions , 
wherein  he  announces  his  discovery  of  the  stereoscope  and  expounds  its 
theory,  only  speaks  of  stereoscopic  vision  from  two  perspectives,  an  appro- 
priate one  for  each  eye,  when  (no  instrument  being  used)  the  optic  axes  meet 
each  other  beyond  them,  or  have  previously  intersected,  so  that  each  eye  sees 
the  other's  perspective — that  is,  in  all  experiments  by  him  and  other 
subsequent  writers  on  the  subject  the  optic  axes  have  always  been  supposed 
to  intersect  or  to  lie  in  one  plane. 

But  as  it  has  been  demonstrated  that  the  axes  of  visible  direction  need 
not  be  coincident  with  the  optic  axes,  it  ought  to  follow  that  we  may 
continue  to  see  bodies  in  relief  from  a  pair  of  stereoscopic  perspectives, 
though  these  are  not  placed  transversely  to  each  other. 

Two  perspectives  of  a  pyramid  are  drawn,  such  as,  when  placed  laterally 
as  is  usual  in  stereoscopic  slides,  and  looked  at  by  concourse  of  the 
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optic  axes  beyond  them,  they  yield  a  hollow  pjrramid,  and  when  looked  at 
by  a  previous  decussation  of  these  axes  yield  a  solid  pyramid.  But  these 
perspectives  are  placed  so  that  the  one  which  was  at  the  left  has  the 
Ofne  that  was  at  the  right  immediately  underneath  it,  with  about  half  an 
inch  of  plain  paper  between  them. 

Then  it  comes  to  pass  that  by  properly  displacing  the  right  eyeball  up- 
wards, by  means  of  the  tip  of  the  finger  placed  underneath  it,  we  can  put 
the  under  perspective  immediately  upon  the  upper  one  seen  with  the 
other  eye,  and  thus  realize  the  hollow  pyramid ;  or  by  placing  the  finger 
upon  the  top  of  the  left  eye,  we  can  depress  the  upper  perspective  to 
cover  the  under  one,  and  thus  realize  the  solid  pyramid.  The  first  pyra- 
mid depends  from  the  plane  of  the  paper,  the  second  stands  upon  it. 

By  means  of  a  finger  under  one  eye  and  another  upon  the  other,  we 
can  obtain  either  hollow  or  solid  pyramids  anywhere  between  the  two 
perspectives ;  or  by  a  finger  on  both  eyes,  or  under  both,  we  can  obtain 
the  pyramid  and  its  "  converse  "  below  or  above  both  perspective  outlines. 

In  all  these  cases  the  optic  axes  do  not  intercept  each  other,  but  the 
axes  of  visible  direction  (functional  of  the  final  directions  of  the  optic 
nerves)  do  meet  on  the  paper — ^that  is,  the  first  pair  of  axes  are  not,  and 
the  second  pair  are,  in  such  a  realization  as  is  herein  planned,  in  one  plane. 

In  all  these  cases  the  perspectives  fall  on  similar  parts  of  the  two  re- 
tin®,  as  in  the  modes  originally  mentioned  by  Wheatstone. 

The  author  goes  on  to  consider  in  what  way  the  sensorium  refers  the 
sensations  it  receives  notice  of  from  the  optic  nerves  into  space,  so  as  to  fix 
the  place,  size,  and  form  of  an  object. 

The  theory  of  vision  in  retinal  normals  being  proved  to  be  unten- 
able, it  is  admitted  that  there  is  some  such  association  of  the  two  retina 
as  to  have  fairly  suggested  the  theory  of  "identical"  or  "covering"  points ; 
but  this  relation  he  believes  to  be  subordinate  to  a  law  by  which  the  sen- 
sorium projects  or  emits  its  perceptions  into  space,  as  it  were  in  two  ima- 
ginary cones  of  sight-rays,  which,  though  not  issuing  from  the  ends  of  the 
optic  nerves,  have  apices  whose  positions  are  functional  of  the  directions 
of  these  ends  for  the  instant  in  question ;  and  that  it  is  by  the  intersection 
of  the  sight-rays  in  these  cones,  limited  by  the  law  of  similar  retinal  parts, 
that  the  places,  sizes,  and  forms  of  objects  are  determined.  Hence  if  we 
conceive  that  a  pair  of  stereoscopic  perspectives,  one  being  imaged  on 
one  retina  and  one  on  the  other,  exist  as  sight  affections  in  miniature  in 
the  substance  of  the  optic  nerves,  the  size  of  the  resultant  solid  form  will 
be  greater  the  greater  is  the  distance  from  the  nerves  at  which  the  axes 
of  visible  direction  intersect,  or  the  optic  axes  when  they  are  coincident 
respectively  with  them. 

The  paper  concludes  by  exemplifying  in  sundry  ways  the  modes  in  which 
the  conclusions  in  it  may  be  applied  in  investigating  seemingly  anomalous 
phenomena  in  physiological  optics. 

YOL.  xn.  ^ 
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Mr.  GEORGE  BUSK,  Vice-President,  in  the  Chair. 

The  following  communications  were  read : — 

I.  '^  On  the  Distribution  of  the  Invertebrata  in  relation  to  the 
Theory  of  Evolution.''  By  John  D.  Macdonald,  M.D., 
F.R.S.,  Staff  Surgeon  R.N.,  Assistant  Professor  of  Naval 
Hygiene/  Netley  Medical  School.  Received  February  26, 
1873. 

All  organized  beings  exhibit  both  structural  and  functional  conditionSi 
forming  the  grounds  of  comparison  by  which  natural  affinities,  in  smaller 
groups,  and  points  of  difference  in  larger  ones,  are  detected  and  esta- 
blished in  systematic  classification. 

General  anatomical  or  physiological  consideraiions  in  agreement  are 
usually  of  more  importance  than  the  harmony  of  single  or  special  condi* 
tions  of  either  description ;  and  though  structural  characters,  as  a  rule, 
are  superior  to  those  of  a  functional  nature,  much  may  be  learnt  from  an 
arrangement  founded  on  physiological  principles  alone.  I  have  elsewhere 
pointed  out  the  deceptiveness  of  taking  the  habit  of  life  as  a  guide  in 
classification,  though  this  is  adopted  by  many  zoologists ;  for  essentially 
different  types  may  live  under  precisely  similar  circumstances,  or  the 
habit  of  life  may  be  very  different  in  the  members  of  the  same  type. 
Thus,  if  we  look  upon  a  pectioate  gill  for  aquatic  respiration,  fluviatile  or 
marine,  and  the  amphibious  coincidence  of  this  with  a  pulmonary 
chamber,  or  the  presence  of  the  latter  cavity  alone  in  purely  terrestrial 
Gasteropods,  as  grouping  characters,  nothing  can  be  more  erroneous ; 
for  all  these  conditions  of  the  respiratory  system  are  to  be  met  with  in 
unequivocal  examples  of  the  same  group,  anatomically  defined,  as  in  the 
Nerite  alliance,  or  that  of  Rissoa  for  example.  Nevertheless  animals  so 
simple  in  their  nature  as  the  Protozoa  may  be  distributed  physiologically, 
with  some  show  of  truthfulness,  in  the  resulting  scheme. 

Passing  the  leading  types  of  the  Protozoa  in  review,  we  notice  that 
the  GregarinidsD  alone  are  essentially  parasitic  in  their  habit  of  life, 
obtaining  nutriment  from  materials  elaborated  by  other  animals.  All 
the  rest  are  therefore  non-parasitic,  deriving  their  sustenance  from  the 
outer  world.  If  we  now  consider  the  manner  in  which  nutritious 
matters  are  taken  up  and  assimilated  by  these  animals,  we  find  that 
some  of  them  must  subsist  on  organic  substances  in  solution,  which  are 
absorbed  by  the  general  surface  of  the  body.  Moreover  we  observe 
t  this  takes  place  either  indirectly  through  a  more  or  less  consistent; 
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investing  substance,  or  directly  through  the  pores,  foramina,  or  fenestra- 
tions of  the  calcareous  or  sUiceous  capsules  protecting  the  contained 
Barcode-bodies.  In  other  instances,  on  the  contrary,  solid  food  is  actually 
consumed  by  mouthless  beings,  which  simply  open  their  bodies  to  receive 
it;  and  this  opening  of  the  body  may  take  place  at  any  part  of  the 
surface  most  convenient,  or  it  may  be  restricted  to  a  definite  locality, 
shadowing  forth  the  permanent  mouth  of  the  Stomatoda,  or  even  that  of 
tiie  most  primitive  form  of  Hydrozoa. 

The  annexed  Table  of  arrangement  is  drawn  up  in  accordance  with  the 
foregoing  remarks. 

Physiological  Classijimtion  of  the  Protozoa. 
Hkbit  of  life  and  mode  of  nutrition : — 

I.  Paniaitio  „...     Grtgarinid^, 

IL  Ifon-parasitio. 

A.  ABsuming  food  in  a  state  of  solution  by  absorption  of  the 

general  surface. 

1.  Indirectly  through  a  medium 

a.  Forming  a  cell-like  enyelope  ThalassicoUida, 

b.  Lining  porous  canals  in  the  common  mass    Torifera, 

2.  Directly  through 

a.  The  pores  or  foramina  of  a  calcareous  shell . . . , Foraminifera, 

b.  Fenestrations  of  a  siliceous  shell Polycystina^ 

tf.  A  more  largely  exposed  8ur£[ice  Acanthometrida, 

B.  Assuming  solid  food  by  an  adventitious  mouth. 

1.  At  any  part  of  the  surface  where  the  contact  is  made  ...    Monera^  Amatba,  fe» 

2.  At  a  definite  part,  determined  by  the  opening  of  the  shell     Gromia,Diffluffiat  ^, 
0.  Assuming  solid  food  by  a  permanent  mouth. 

1.  The  same  orifice  being  also  excretory Infusoria, 

2.  Discharging  excreta  by  a  rudimentary  anus  Noctilucida, 

This  Table  may  be  said  to  afford  us  good  general  groimds  for  forming 
vn  estimate  of  the  rehitive  superiority  of  the  several  types  thus  physio- 
logicaUy  defined,  and  it  is  mainly  in  keeping  with  their  more  commonly 
received  distribution  founded  on  structural  particulars. 

A  show  of  progressive  improvement  is  seen  in  the  respective  sections 
-A,  B,  and  G,  though  to  all  appearance  the  simplest  group  of  animals  in 
-existence,  namely  the  Monera  of  Hackel,  is  included  in  the  section  B. 
These  rudimentary  creatures  are  destitute  of  both  nucleus  and  contractile 
vesicle,  though  exhibiting  activities  in  movement,  taking  food,  and  repro- 
ducing their  kind,  not  even  second  to  those  of  Anuxha  and  its  allies.  The 
smallest  ciliated  molecule  endowed  mth  animal  life  could  not  present  a 
more  simple  structure  than  that  of  the  perfectly  homogeneous  and  jelly- 
like Monera,  Indeed  the  evolution  of  any  of  the  other  primitive  forms 
from  a  plastic  source  like  this  is  quite  conceivable,  though  of  course  we 
have  no  actual  means  of  obser\'ing  such  a  transmutation. 

Moreover  the  development  of  amoeboids  in  some  part  of  the  life- 
history  of  most  Protozoa  would  appear  to  stamp  that  form  as  the 
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earliest  genetic  type  of  beings.  With  the  exception  of  a  nucleus  and  a 
contractile  vesicle,  Anioeha  itself  may  have  sprung  from  Protamosha ;  and 
the  finally  encysted  jelly-globules  of  Protomyxa  and  Myxastrum  breaking 
up  into  naked  amoeboids,  or  pseudonavicellflB  liberating  them,  very 
strikingly  suggest  the  source  from  which  the  Oregarince  may  have  been 
evolved. 

The  valuable  researches  of  Mr.  Archer,  of  Dublin,  have  brought  to 
light  many  very  interesting  freshwater  Protozoa,  thus  much  augmenting 
our  materials  for  comparison,  and  adding  new  zest  to  inquiry  as  to  their 
natural  affinities  or  their  probable  origin  and  derivatives. 

K  evolutionary  forces  are  admitted  to  be  in  constant  operation,  it 
would  be  hard  to  say  that  any  two  existing  forms  should  stand  to  each 
other  in  the  relation  of  source  and  product.  It  would  perhaps  be  safer 
to  say  that  existing  forms  have  taken  their  origin  from  such  forms  as  are 
still  in  existence ;  for  as  it  is  but  reasonable  to  suppose  that  in  the 
lapse  of  time  all  the  members  of  the  primary  type  must  have  undergone 
some  change,  the  persistence  of  that  type  through  all  in  its  primitive 
state  is  difficult  to  conceive,  though,  for  any  thing  we  yet  know,  this  may 
be  the  case. 

Without  indulging  in  this  theme  further,  if  we  now  seek  for  the  most 
probable  derivatives  of  definite  types  of  Protozoa,  some  remarkable  facts 
strike  uo  first  in  relation  to  the  cestoid  worms  as  bearing  upon  their 
possible  derivation  from  the  Gregarinidse.  I  have  already  noticed  the 
affinity  of  the  Gregarinians  themselves  to  Protomyxa  and  Myxastrum 
amongst  the  Montra ;  but  when  we  find  the  booklets  of  Tcenia  and  the 
sucker-pits  of  Tcenia  and  BothryocfpTidlus  shadowed  forth  in  Hoplo- 
rhynchus  and  Actinocephalus  respectively,  we  can  scarcely  help  acknow- 
ledging the  alliance  here  indicated.  In  the  Gregarinidse,  moreover,  there 
is  not  only  a  distinct  external  integument,  but  Van  Beheden  has  lately 
demonstrated  the  existence  of  circular  muscular  fibres  on  its  inner 
surface;  a  similar  habit  of  life  in  both  cases  is  also  very  significant. 
Nor  would  it  be  inconsistent  to  regard  the  Trematoda  and  Nematoidea  as 
further  developments  of  the  same  series  of  essentially  internal  parasites. 

Now,  although  the  ThalassicoUida)  are  not  parasites,  the  genus  Tfialassi- 
eolla  and  the  Oregarinoi  alone  of  all  the  simple  Protozoa  take  up  their  nutri- 
ment in  solution,  after  the  manner  of  the  compound  forms,  namely  the 
Porifera,  restricted  Polycystina,  and  Foraminifera.  This  fact,  I  think,  is 
significant,  as  suggesting  the  derivation  of  Gregarina  from  some  such 
original  as  Thalassicolla,  as  it  does  not  seem  natural  to  suppose  that  the 
-former,  which  is  so  essentially  an  Entozoon,  could  have  been  descended 
from  a  stock  capable  of  assuming  solid  food  in  the  outer  world. 

Dr.  Carpenter  unconsciously  gives  us  the  weight  of  his  opinion  in  the 
following  quotations  from  his  valuable  work  on  the  microscope.  On 
-page  449  he  says,  speaking  of  Sphcerozoum,  "  Towards  the  inner  surface  of 
^Ms  (the  outer)  coat  are  scattered  a  great  number  of  oval  bodies  resembling 
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cells,  haTing  a  tolerably  distinct  membraniform  wall  and  a  conspicuous 
round  central  nucleus,  thus  corresponding  closely  with  the  Gregarina 
type."  I  might  mention  in  passing  that,  having  frequently  taken  in 
the  towing-net  the  unequivocal  allies  of  Dictyocha  with  sarcode  bodies 
identical  with  those  of  Sphcerozoum,  I  have  no  hesitation  in  assuming 
Dictyocha  itself  to  belong  rather  to  the  Thalas8icollida9  than  to  the  group 
with  which  it  is  more  usually  associated.  This  family  is  commonly 
included  under  the  head  of  Ehizopoda ;  and  there  can  be  no  doubt  that 
the  generalization,  irrespective  of  that  term,  is  a  correct  one;  but  it  is  a 
stretch  of  transcendental  anatomy  to  speak  of  the  existence  of  pseudo- 
podia  in  any  member  of  it.  The  radiating  branched  filaments  within  the 
dense  external  investment  of  Thalassicolla  nucleata  are  not  extensions  of 
the  sarcode-body,  like  those  of  Gromia  for  example,  but  apparently  act  as 
retinacula,  and  as  conduits  for  dialytic  currents,  which  may  account  for 
the  phenomenon  of  cyclosis  observed  in  some  instances. 

Professor  James-Clark,  of  Pennsylvania,  appears  to  have  satisfied  him- 
self, at  least,  that  there  is  a  remarkable  agreement  of  characters  exhibited 
between  the  Porifera  and  the  Infusoria,  which  are  connected,  as  he 
endeavours  to  show,  by  a  regular  gradation  of  animals.  The  derivation 
of  the  latter  group  of  Protozoa  from  the  former,  which  I  had  myself 
assumed  quite  independently,  is  therefore  supported  by  that  gentleman's 
researches. 

Even  with  our  present  advanced  knowledge  of  the  Infusoria  it  is 
doubtful  if  we  do  not  still  include  amongst  them  the  larvsD  of  TurheUaria; 
and,  indeed,  the  passage  from  the  one  type  to  the  other  would  appear  to 
be  natural  and  easy.  On  the  other  hand,  tracing  through  such  forms  as 
NemerUSy  Bonellia^  and  Priapulua,  Sipunculus  will  lead  directly  to  the 
less  equivocal  Echinodermata ;  and  here  the  series  must  wind  up,  for 
further  evolution,  though  perhaps  possible,  does  not  appear  to  have 
taken  place. 

The  existence  of  such  low  or  simple  forms  of  Eotifera  as  the  genus 
Asplanchna,  for  example,  would  be  favourable  to  the  idea  that  the 
Noctilucidae  might  have  been  the  progenitors  of  that  order  of  beings.  It 
is  of  course  quite  gratuitous,  but  convenient,  at  present  to  assume  that 
the  NoctiluddaB  would  thus  hold  the  same  relationship  to  the  Polycystina 
that  the  Infusoria  appear  to  do  to  the  Porifera.  However  this  may  be, 
it  is  more  certain  that  the  BotiEera  arc  at  the  root  of  the  annulose  and 
articulate  series. 

From  the  Eotifera,  through  the  Annelida,  we  may  thus  trace  the  de- 
velopment of  the  crustaceous  and  chitinous  types  of  Articulata  like  a 
dichotomous  branch. 

The  Annelida  may  be  linked  with  the  Crustacea  by  means  of  the 
Sagittid®,  whose  exquisitely  striped  muscular  fibres  accord  to  them  a 
higher  position  than  the  other  part«  of  their  organization  would  perhaps 
warrant  them  to  take. 
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There  is  obviously  a  representative  relationship  between  the  crusta- 
oeous  Macrora,  Anomura,  and  Brachyura  and  the  chitinous  Myriopoda, 
Insecta,  and  Arachnida. 

The  earthworms  and  the  leeches  may  help  to  fill  up  the  gap  between 
the  Chietopod  Annelida  and  the  Myriopoda  (as,  for  example,  between  the 
genera  Geophilus  and  Nereis),  though  it  must  be  confessed  that  the  exist- 
ing links  are  inadequate,  or  they  have  never  been  sufficiently  made  out. 

The  first  rudiments  of  a  tracheal  system  are  probably  to  be  sought  for 
in  the  Terricolous  Annelida,  though  true  articulated  limbs  and  a  dorsal 
heart  seem  to  make  their  first  appearance  in  the  lulid®. 

Should  the  simplest  hydroid  polyps  have  sprung  from  such  Protozoa 
as  Diffiivgia^  Arcella,  or  Astrorhiza,  with  their  pseudopodial  tentacula 
encircling  a  fixed  oral  point,  the  existence  of  a  living  series  from  the 
Io;vest  type  of  animals  to  that  which  is  obviously  on  the  confines  of  the 
Vertebrata  would  be  clearly  demonstrable*.  Furthermore,  as  the  inter- 
polation of  any  other  invertebrate  types  would  disturb  the  harmony 
here,  the  inference  is  natural  that  they  also  might  be  distributed  in  a 
similar  way  into  as  many  groups  or  series  as  their  affinities  or  anti-* 
pathies  would  suggest  or  necessitate. 

Having  studied  this  subject  very  carefully,  it  appears  to  me  that  the 
whole  of  the  Invertebrata  admit  of  distribution  into  four  distinct  series, 
corresponding  with  the  number  of  sections  of  the  Protozoa,  from  which 
all  the  other  tjrpes  may  have  taken  their  origin.  Thus,  on  dividing  the 
Astomatous  Protozoa  into  compound  types  and  their  allied  simple  forms, 
we  obtain  the  following  highly  suggestive  arrangement,  in  which  the 
groups  represent  each  other  so  remarkably  that  they  would  seem  to  be 
quite  natural.  I  have  appended  the  Stomatoda  and  the  twelve  remaimng 
sections  of  the  Invertebrata  in  the  order  indicated  by  their  affinities. 

*  The  annexed  Table  exhibits  the  progressiye  modification  of  the  alimentary  sjstem 
m  ascending  from  the  Hydrozoa  to  the  Tunicata  : — 

Evolution  of  the  Alimentary  Canal  in  particular. 


MoLLUscoiDA  (in- 
cluding Cteno- 
phora) 


CCELENTEEATA. 


/Intestine  insulated  from  , 
the  somatic  cavity  ... 


Aacidiozoa, 


(  With  primary  haemal " 
and    final    neural 

flexure J 

With  simple  neural  1  Brachiopoda  and 
flexure j      Polyeaa, 


Intestine  straight,    and  communicating  with  1  /7/u--*,jj^,-^ 


\     the  somatic  cavity j 


Intestine  not  yet  developed;  stomach  commu- 
nicating with  the  somatic  cavity    

True  stomach  not  yet  developed,  its  office  being 
answered  by  the  somatic  cavity   


"  Actinoso€u 
Hydroxoa, 


Additional  matter  in  the  above  connexion  will  be  found  in  a  paper  by  the  author 
*  On  the  Morphological  Relationships  of  the  MoUuscoida  and  Coelenterata^"  published, 
in  the  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xxiii.  part  3, 18W, 
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Schone  of  Classification  of  Invertehrata, 
Leading  Types  of  Protozoa,  aggregate  or  omwpound. 


1. 
poUofphnra. 


2. 

Forifers. 


3. 

Polycystiim. 


4. 

Foraminlfera. 


Corresponding  simple  forma. 


Tbalaasioolla,         Actinophrjs.  Acanthometra.       Amoeba. 

Gr^garina.  Qromia.  Podocjrtis.  Difflugia. 


Oestoidea. 

Trematoda, 

Kematoidoa. 


Derivative  types. 

Infusoria.  NoctUuoidxe. 

Turbellaria.  Botifera. 

SipunculidflD.  Annelida. 

Echinodermata.  Articulata. 


CcBlenterata. 
Mollusooida. 
MoUusca. 


So  as  not  to  complicate  the  Table,  I  thought  it  better  to  supplement 
it  with  the  definition  of  the  four  leading  types  of  compound  Protozoa. 

1.  In  the  GollosphaBra  type,  the  sarcode-bodies  lie  at  some  distance 
apart  and  are  always  distinct. 

2.  In  the  Forifera  type  the  sarcode-bodies  are  closely  approximated  or 
confluent. 

3.  In  the  Folycystina  type  the  sarcode-bodies  are  concentric  and  con- 
nected by  radiating  stolons. 

4.  In  the  Foraminifera  type  the  sarcode-bodies  are  connected  by 
■tolans  in  Unear  series  or  some  order  of  juxtaposition. 

If  it  is  incumbent  upon  the  developmental  hypothesis  to  derive  the 
Vertebrata  from  the  preexisting  Invertehrata,  the  only  line  through 
which  it  would  be  possible  to  trace  their  descent  is  that  leading  from  the 
Protozoa  to  the  MoUusca  proper,  or  the  fourth  series  of  the  Table.  It 
would  also  appear  that  the  Entozoa,  Echinodermata,  and  Articulata 
appertain  severally  to  separate  series  of  their  own ;  and  whatever  may 
happen  by-and-by,  it  would  be  difficult  to  find,  in  the  present  fauna  of 
the  globe,  a  single  form  clearly  deducible  from  any  of  them. 

The  habit  of  life  of  the  Entozoon,  the  peculiarity  of  structure  of  the 
Echinoderm,  and  the  very  perfection  of  organization  of  the  Articulata,  as 
it  were,  preclude  their  evolution  into  any  other  existing  type.  To  use  a 
common  phrase,  they  may  be  said  to  lead  nowhere,  though  they  may  be 
easily  and,  I  think,  consistently  traced  back  to  their  possible  origin  in 
the  Protozoa. 

It  would  be  great  presumption  to  say  that  even  an  approach  to  perfect 
tion  had  been  attained  in  this  attempted  classification  of  a  whole  sub- 
kingdom  of  animals.  Nevertheless  in  the  preceding  Table  the  relationships 
existing  amongst  the  members  of  that  subkingdom  are  presented  to  the 
eye  at  a  single  glance,  and  in  a  manner  that  would  be  quite  unattainable 
by  systems  maintaining  the  original  creation  of  every  so-called  spedeSi 
and  that  in  an  order  perhaps  more  easily  described  than  understood. 
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II.  ''  On  the  Temperature  at  which  Bacteria^  Vibriones,  and  their 
Supposed  Germs  are  killed  when  immersed  in  Fluids  or 
exposed  to  Heat  in  a  moist  state/'  By  H.  Charlton 
Bastian,  M.A.,  M.D.,  F.R.S.,  Professor  of  Pathological 
Anatomy  in  University  College,  London.  Received  March  4, 
1873. 

Per  more  reasons  than  one  we  may,  perhaps,  now  look  back  with 
advantage  upon  the  friendly  controversy  carried  on  rather  more  than  a 
century  ago  between  the  learned  and  generous  Abbe  Spallanzani  and  our 
no  less  distinguished  countryman  Turberville  Needham.  Writing 
concerning  his  own  relation  to  Needham,  the  Abbe  said*,  "I  wish  to 
deserve  his  esteem  whilst  combating  his  opinion";  and,  in  accordance 
with  this  sentiment,  we  find  him  treating  his  adversary's  views  with 
great  respect,  and  at  the  same  time  repudiating  much  of  the  empty  and 
idle  criticism  in  which  so  many  of  Needham's  contemporaries  indulged 
with  regard  to  his  work.  This  criticism,  Spallanzani  sayst,  "  Without 
looking  into  details,  contented  itself  by  throwing  doubt  upon  some  of 
the  facts,  and  by  explaLoing  after  its  own  fashion  others  whose  possi- 
bility it  was  willing  to  admit."  He  moreover  warmly  reprobated  the 
ignorant  and  disrespectful  statements  made  by  an  anonymous  writer  who 
had  shown  himself  little  worthy  of  being  heard  upon  the  subjects  in 
dispute.  Spallanzani  on  this  occasion  very  wisely  said  J: — "  When  it  is  a 
question  concerning  observations  and  experiments,  it  is  necessary  to 
have  repeated  them  with  much  circumspection  before  venturing  to 
pronounce  that  they  are  doubtful  or  untrustworthy.  He  who  will 
allow  himself  to  speak  of  them  with  contempt,  and  who  can  only 
attempt  to  refute  them  with  writings  composed  by  the  glimmer  derived 
from  a  treacherous  lamp,  will  not  find  himself  in  a  condition  to  retain 
the  esteem  of  learned  men."  The  anonymous  writer  (in  his  *  Lettres  k 
un  Am^ricarn'),  to  whom  Spallanzani  referred,  had  gone  so  far  as  to 
doubt  the  statements  of  Needham  as  to  the  constant  appearance  of 
organisms  in  infusions  which  had  been  previously  boiled,  and  also 
intimated  that  even  if  they  were  to  be  found,  it  was  only  because  they 
had  been  enabled  to  resist  the  destructive  influence  of  the  boiling  fluid. 
This  latter  assertion  was  emphatically  denied  by  Spallanzani,  his 
denial  being  based  upon  a  most  extensive  series  of  experiments  with 
eggs  in  great  variety  and  with  seeds  of  all  degrees  of  hardness ;  these 
were  aU  found  to  be  killed  by  a  very  short  contact  with  boiling  water. 
Spallanzani  had  thoroughly  satisfied  himself  that  even  very  thick-coated 
seeds  could  not  resist  this  destructive  agent ;  whilst  he  thought  that  the 

*  NouTelles  Kecherches  sur  les  D^uTortes  Microflcopiques  et  Ia  G^ntetion  des 
Corps  Organises,  &c    London  and  PariB,  1769,  vol.  i.  p.  69. 
+  Loc,  cit.  p.  9,  X  ^^'  «*^'  ?•  114. 


1878.]  necessary  to  kill  Bacteria^  Vibriones,  ^c.  225 

idea,  entertained  by  some,  of  the  eggs  of  the  lowest  infusoria  being 
protected  from  the  injurious  influence  of  the  boiling  water  by  reason  of 
their  extreme  minuteness,  was  a  supposition  so  improbable  as  scarcely  to 
deserye  serious  consideration.  Such  a  notion  was,  he  thought,  wholly 
opposed  to  what  was  known  concerning  the  transmission  of  heat. 
Whilst,  therefore,  the  opinion  of  those  who  believe  that  eggs  have  the 
power  of  resisting  the  destructive  influence  of  boiling  water  could  be 
folly  refuted,  Spallanzani  thought  it  by  no  means  followed  that  the 
infusoria  which  always,  after  a  very  short  time,  appeared  in  boiling 
infusions  had  arisen  independently  of  the  existence  of  eggs.  The 
infusions  being  freely  exposed  to  the  air,  it  was  very  possible  that  this 
air  had  introduced  eggs  iuto  the  fluids,  which  by  their  development  had 
given  birth  to  the  infusoria*. 

After  the  lapse  of  a  century  it  has  at  last  been  clearly  shown  that  this 
supposition  of  aerial  contamination  advanced  by  Spallanzani  (warrant- 
able and  natural  as  it  was  at  the  time)  is  one  which,  in  the  great 
majority  of  cases,  is  devoid  of  all  foundation  in  fact,  so  far  as  concerns 
the  organisms  essentially  associated  vdtYi  processes  of  putrefaction,  viz. 
Bacteria  and  Vibriones.  The  means  of  proving  this  statement,  based 
upon  independent  observations  made  by  Professor  Burdon  Sanderson  and 
myself,  were  recently  submitted  to  the  consideration  of  the  Eoyal 
Society  t.  Before  the  reading  of  this  communication  I  was  under  the 
impression  that  almost  every  one  of  those  who  had  taken  part  in  the 
controversies  which  had  been  carried  on  both  here  and  abroad  concerning 
the  Origin  of  Life  were  prepared  to  admit,  as  Spallanzani  had  done,  that 
the  ^gs  or  germs  of  such  organisms  as  appear  in  iufusions  were  unable 
to  survive  when  the  infusions  containing  them  were  raised  to  the 
temperature  at  which  water  boils.  This  impression  was  produced  in 
part  by  the  explicit  statements  on  this  subject  that  had  been  made  by 
very  many  biologists,  and  also  in  part  by  a  comparatively  recent  and 
authoritative  confirmation  which  this  view  as  to  the  destructive  effects 
of  boiling  infusions  upon  Ba^ieria  had  received.  Little  more  than  two 
years  ago  Professor  Huxley,  as  President  of  the  British  Association 
for  the  Advancement  of  Science,  recorded  experiments  in  his  Liaugural 
Address  which  were  obviously  based  upon  this  belief  as  a  starting-point ; 
and  subsequently,  in  one  of  the  Sectional  Meetings,  after  referring  to  some 
of  my  experiments,  and  to  the  fact  that  all  unmistakably  >ital  movements 
ceased  after  Bacteria  had  been  boiled.  Professor  Huxley  added^:: — "I 
cannot  be  certain  about  other  persons,  but  I  am  of    opinion  that 

•  A  few  pages  further  on  this  view  is  thus  shortly  expressed : — "  H  est  Evident  que 
toutes  lee  tentatires  faites  avec  le  feu,  peuvent  bien  serrir  &  prouver  que  les  animaux 
miorofcopiqoes  ne  naissent  point  des  oeufs  que  Ton  supposait  exister  dans  les  infusions 
avant  qu'on  leur  fit  sentir  le  feu ;  mais  cela  n'emp^he  pas  qu*ils  n'aient  pu  dtre  fonu^ 
de  oeux  qui  auront  Hi  port^  dans  les  vases  apr^s  Tebullition." 

t  See  Proceedings  of  Bojal  Society,  No.  141, 1873|  p.  129. 

\  See  Beport  in  Quart.  Joum.  of  Microscop.  Science,  Oct.  1870. 
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observers  who  have  supposed  they  have  found  Bacteria  surviving  after 
boiling  have  made  the  mistake  which  I  should  have  done  at  one  time,  and, 
in  fact,  have  confused  the  Brownian  movements  with  true  living  move- 
ments.'* Some  eminent  biologists  do  not  now  (in  reference  to  the  experi- 
ments cited  in  my  last  communication)  suggest  that  the  organisms  found 
in  the  infusions  were  dead  and  had  been  there  before  the  fluids  were 
boiled :  they  express  doubts  concerning  that  which  seems  formerly  to 
have  been  regarded  as  established,  and  now  wish  for  evidence  to  show  that 
the  germs  of  Bacteria  and  Vibriones  are  killed  in  a  boiling  infusion  of 
hay  or  turnip,  as  they  have  been  proved  to  be  in  "  Pasteur's  Solution  '* 
and  in  solutions  containing  ammonic  tartrate  and  sodic  phosphate. 
•  With  the  view  of  removing  this  last  source  of  doubt  more  efectually, 
and  also  of  refuting  the  unwarrantable*  conclusion  of  M.  Pasteur,  to  the 
effect  that  the  germs  of  Bacteria  and  Vihrianes  are  not  killed  in  neutral 
or  slightly  alkaline  fluids  at  a  temperature  of  212^  F.,  I  almost  imme-* 
diately  after  the  reading  of  my  last  communication  commenced  a  fresh 
series  of  experiments. 

Nearly  two  years  ago,  in  my  *  Modes  of  Origin  of  Lowest  Organisms,' 
I  brought  forward  evidence  to  show  that  Bacteria^  Vibrionei,  and  their 
supposed  germs  are  killed  at  a  temperature  of  140°  F.  (60°  C.)  in  neutral 
or  very  faintly  acid  solutions  containing  ammonic  tartrate  and  sodic  phos- 
phate, and  also  evidence  tending  to  show  that  these  living  units  were 
killed  in  neutral  infusions  of  hay  and  in  acid  infusions  of  turnip  at  the 
same  temperature. 

The  crucial  evidence  adduced  concerning  the  degree  of  heat  destructive 
to  Bacteria,  Vibriones,  and  their  germs,  in  the  saline  solution,  was  of 
this  nature.  The  solution  had  been  shown  to  be  incapable  of  engendering 
Bacteria  and  Vibriones  (under  all  ordinary  conditions)  after  it  had  been 
boiled,  although  it  still  continued  capable  of  supporting  the  life  and 
encouraging  the  rapid  multiplication  of  any  of  these  organisms  which  were 
purposely  added  to  it.  Some  of  this  boiled  solution,  therefore,  was 
introduced  into  flasks  previously  washed  Avith  boiling  water ;  and  when 
the  fluids  had  sufliciently  cooled,  that  of  each  flask  was  inoculated  with 
living  Bacteria  and  Vibriones — ^in  the  proportion  of  one  drop  of  a  fluid 
quite  turbid  \^ith  these  organisms  to  one  fluid  ounce  of  the  clear  saline 
Solutionf.  These  mixtures  containing  an  abundance  of  living  organisms 
were  then  heated  to  various  temperatures,  ranging  from  122°  F.  (60°  C.)  to 
167°  F.  (75°  C.) ;  and  it  was  invariably  found  that  those  which  had  been 

*  Beaflons  for  this  opinion  haye  been  fullj  set  forth  m  *  The  Beginnings  of  Life,' 
Tol.  i.  pp.  374  et  seq. ;  or  the  discriminating  reader  maj  at  onoe  find  my  justification 
for  this  expression  by  reading  pp.  58-66  of  M.  Pasteur's  memoir  in  *  Ann.  do  Chim.  et 
de  Physique,*  1862. 

t  Fuller  details  concerning  these  experiments  may  be  found  in  the  little  work 
already  mentioned  at  pp.  51-06,  and  also  in  *  The  Beginnings  of  Life,'  ToL  it  pp, 
a25-332. 
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heated  to  122P  or  131°  F.  became  quite  turbid  in  about  two  days,  whilst 
those  which  had  been  raised  to  140°  F.  or  upwards  as  invariably 
remained  dear  and  unaltered.  The  turbidity  in  the  first  series  having 
been  ascertained  to  be  due  to  the  enormous  multiplication  of  Bacteria  and 
Vibriaruif  and  it  being  a  well-established  fact  that  such  organisms  when 
undoabtedly  living  always  rapidly  multiply  in  these  fluids,  the  conclusion 
seemed  abnost  inevitable  that  the  organisms  and  their  germs  must  have 
been  killed  in  the  flasks  which  were  briefly  subjected  to  the  temperature 
of  140°  F.  How  else  are  we  to  account  for  the  fact  that  these  fluids 
remained  quite  unaltered  although  living  organisms  were  added  to  them 
in  the  same  proportion  as  they  had  been  to  those  less-heated  fluids 
which  had  so  rapidly  become  turbid  ?  Even  if  there  does  remain  the  mere 
possibility  that  the  organisms  and  their  supposed  germs  had  not  actually 
been  killed,  they  were  certainly  so  far  damaged  as  to  be  unable  to 
manifest  any  vital  characteristics.  The  heat  had,  at  all  events,  deprived 
them  of  their  powers  of  growth  and  multiplication ;  and  these  gone,  so 
little  of  what  we  are  accustomed  to  call  '*  life  "  could  remain,  that  prac- 
tically they  might  well  be  considered  dead.  And,  as  I  shall  subse- 
quently show,  the  production  of  this  potential  death  by  the  temperature 
of  140°  F.  enables  us  to  draw  just  the  same  conclusions  from  other  expe- 
Timents,  as  if  such  a  temperature  had  produced  a  demonstrably  actual 
death*.  Seeing  also  that  these  saline  solutions  were  inoculated  with 
a  fluid  in  which  Bacteria  and  Vibriones  were  multiplying  rapidly,  we 
had  a  right  to  infer  that  they  were  multiplying  in  their  accustomed 
manner,  *'  as  much  by  the  known  method  of  fission,  as  by  any  unknown 
and  assumed  method  of  reproduction."  So  that,  as  I  at  the  time  saidt, 
"  These  experiments  seem  to  show,  therefore,  that  even  if  Bacteria  do 
multiply  by  means  of  invisible  gemmules,  as  well  as  by  the  known 
process  of  fission,  such  invisible  particles  possess  no  higher  power  of 
resisting  the  destructive  influence  of  heat  than  the  parent  Bacteria 
themselves  possess." 

This  is,  in  fact,  by  far  the  most  satisfactory  kind  of  evidence  that  can 
be  produced  concerning  the  powers  of  resisting  heat  enjoyed  by  Bacteria 
and  Vibriones,  because  it  also  fully  meets  the  hypothesis  as  to  their 
possible  multiplication  by  invisible  gemmules  possessed  of  a  greater  power 
of  resisting  heat,  and  because  no  mere  inspection  by  the  microscope  of 
dead  Bacteria  can  entitle  us  positively  to  aflirm  that  they  are  dead, 
even  though  all  characteristically  \ital  or  ''  true  living  "  movements  may 
be  absent. 

Facts  of  a  very  similar  nature  were  mentioned  in  the  same  work 

strongly  tending  to  show  that  Bacteria  and  Vibriones  are  also  killed  at 

the  same  temperature  in  other  fluids,  such  as  infusions  of  hay  or  turnip. 

These  fects  were  referred  to  in  the  f oUo^dng  statementj : — "  Thus,  if  on 

*  See  p.  232. 

t  Modes  of  Origin  of  Lowest  Organisms,  1871,  p.  60.  |  Loc,  cit.  p.  60. 
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the  same  slip,  though  under  different  covering-glasses,  specimens  of  a 
haj-infusion  turbid  with  Bacteria  are  mounted,  (a)  without  being  heated, 
(b)  after  the  fluid  has  been  raised  to  122°  F.  for  ten  minutes,  and  (c)  after 
the  fluid  has  been  heated  to  140°  F.  for  ten  minutes,  it  will  be  found  that 
in  the  course  of  a  few  days  the  Bacteria  under  a  and  b  have  notably 
increased  in  quantity,  whilst  those  under  c  do  not  become  more  numerous, 
however  long  the  slide  is  kept.  Fact^s  of  the  same  kind  are  observable 
if  a  turnip-infusion  containing  living  Bacteria  is  experimented  with  ;  and 
the  phenomena  are  in  no  way  different  if  a  solution  of  ammonic  tartrate 
and  sodic  phosphate  (containing  Bacteria)  be  employed  instead  of  one  of 
these  vegetable  infusions.  The  multiplication  of  the  Bacteria  beneath 
the  covering-glass,  when  it  occurs,  is  soon  rendered  obvious,  even  to  the 
naked  eye,  by  the  increasing  cloudiness  of  the  fllm." 

The  facts  just  dted  concerning  the  behaviour  of  thin  films  of  turbid 
infusions  which  had  been  heated  to  different  temperatures  gave  me  the 
due  as  to  the  proper  direction  of  future  work.  It  would  seem  that, 
when  mounted  in  the  manner  described,  such  thin  films  of  infusion 
continue  capable  of  supporting  and  favouring  the  multiplication  of  any 
already  existing  Bacteria  and  Vibriones,  although  under  such  conditions 
no  new  birth  of  living  particles  appears  to  take  place  even  in  these 
fluids.  The  question  then  arose  as  to  whether,  by  subjecting  larger 
quantities  of  the  same  infusions  to  any  particular  sets  of  conditions,  we 
could  ensure  that  they  also  should  continue  to  manifest  the  same 
properties ;  because  if  so,  it  would  be  almost  as  easy  to  determine  the 
death-point  of  Bacteria  and  Vibriones  when  exposed  to  heat  in  these 
infusions,  as  it  had  been  to  determine  it  for  the  saline  solutions  already 
mentioned. 

It  was  pointed  out  by  Gruithuisen  early  in  the  present  century,  that 
many  infusions,  otherwise  very  productive,  ceased  to  be  so  when  they 
were  poured  into  a  glass  vessel  whilst  boiling,  and  when  this  was  filled 
so  that  the  tightly  fitting  stopper  touched  the  fluid.  Having  myself 
proved  the  truth  of  this  assertion  for  hay-infusion,  it  seemed  likely  that, 
by  having  recourse  to  a  method  of  this  kind,  I  should  be  able  to  lower  the 
virtues  of  boiled  hay-  and  turnip-infusions  to  the  level  of  those  possessed 
by  the  boiled  saline  solution  with  which  I  had  previously  experimented 
— that  is,  to  reduce  them  to  a  state  in  which,  whilst  they  appear  (under 
these  conditions)  quite  unable  of  themselves  to  engender  Bacteria  or 
Vibriones,  they  continue  well  capable  of  favouring  the  rapid  multiplication 
of  such  organisms. 

This  was  found  to  be  the  case;  and  I  have  accordingly  performed 
upwards  of  one  hundred  experiments  with  inoculated  portions  of  these 
two  infusions  raised  to  different  temperatures.  The  mode  in  which  the 
experiments  were  conducted  was  as  follows : — 

Infusions  of  hay  and  turnip  of  slightly  different  strengths  were 
employed.    These  infusions,  ha>dng  been  first  loosely  strained  through 
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muslin,  were  boiled  for  about  ten  or  fifteen  minutes,  and  then  whilst 
boiling  strained  through  ordinary  Swedish  filtering-paper  into  a  glass 
beaker  which  had  previously  been  well  rinsed  with  boiling  water.  A 
number  of  glass  bottles  or  tubes  were  also  prepared,  which,  together 
with  their  stoppers  or  corks,  had  been  boiled  in  ordinary  tap  water  for 
a  few  minutes*.  They  were  taken  out  full  of  the  boiling  fluid ;  and  the 
stoppers  or  corks  being  at  once  inserted,  the  vessels  and  their  contents 
were  set  aside  to  cool.  When  the  filtered  infusion  of  hay  or  turnip 
had  been  rapidly  cooled  down  to  about  110°  F.  (by  letting  the  beaker 
containing  it  stand  in  a  large  basin  of  cold  water),  it  was  inoculated 
with  some  of  a  turbid  infusion  of  hay  swarming  with  active  Bacteria 
and  Vibrioneg — in  the  proportion  of  one  drop  of  the  turbid  fluid  to  each 
fluid  ounce  of  the  now  clear  filtered  infusiont.  The  beaker  was  then 
placed  upon  a  sand-bath,  and  its  contained  fluid  (in  which  a  thermometer 
was  immersed)  gradually  raised  to  the  required  temperature.  The  fluid 
was  maintained  at  the  same  temperature  for  five  minutes  by  alternately 
raising  the  beaker  from  and  replacing  it  upon  the  sand-bath.  The  bottles 
to  be  used  were  then  one  by  one  uncorked,  emptied,  and  refilled  to  the 
brim  with  the  heated  inoculated  fluidj.  The  corks  or  stoppers  were  at 
once  very  tightly  pressed  down,  so  as  to  leave  no  air  between  them  and 
the  surface  of  the  fluids.  The  beaker  was  then  replaced  upon  the  sand- 
bath  and  the  gas  turned  on  more  fully,  in  order  that  the  experimental 
fluid  might  be  rapidly  raised  to  a  temperature  9°  F.  (5°  C.)  higher  than 
it  had  been  before.  After  five  minutes'  exposure  to  this  temperature 
other  bottles  were  filled  in  the  same  manner,  and  so  on  for  the  various 
temperatures  the  influence  of  which  it  was  desired  to  test. 

Thus  prepared,  the  bottles  and  tubes  have  been  exposed  during  the  day 
to  a  temperature  ranging  from  65°  to  75°  F.  And  generally  one  had 
not  to  wait  long  in  order  to  ascertain  what  the  results  were  to  be.  In 
some  cases,  if  the  contents  of  the  vessels  were  to  become  turbid,  this 
was  more  or  less  manifest  after  an  interval  of  forty-eight  hours ;  in 
other  cases,  however,  the  turbidity  manifested  itself  three  or  more  days 
lat-er :  the  reason  of  this  difltorence  will  be  f  ullv  discussed  in  a  subsequent 
communication. 

For  the  sake  of  simplicity  and  brevity,  the  necessary  particulars  con- 
cerning the  102  experiments  have  been  embodied  in  the  f  ollo^ving  Table : — 

*  The  Teasels  employed  have  varied  in  capacity  from  two  drachms  to  four  ounces ; 
some  have  heen  provided  with  glass  stoppers  and  others  with  very  tightly  fitting  corks ; 
and  the  latter  I  find  have  answered  quite  as  well  as  the  former.  On  the  whole  I  have 
found  tightly  corked  one-ounce  phials  to  he  about  the  most  convenient  vessels  to  employ 
in  these  inoculation  experiments. 

t  It  was  found  desirable  to  filter  the  infusions  after  they  had  been  boiled,  because 
the  boiling  generally  somewhat  impaired  their  clearness. 

X  At  this  stage,  of  course,  vert/  great  care  is  needed  in  order  to  avoid  all  chance  of 
accidental  contamination  either  with  living  organisms  or  with  unheated  firagments  or 
partidet  of  organic  matter. 
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Inoculation  Experiments  made  with  the  view  of  ascertaining  the 
Temperatures  at  which  Bcuteria,  VtbrioneSy  and  their  supposed  Gkrms 
are  killed  in  Organic  Infusions. 


Nbtttral  Hat-Inpusioit. 

Temp,  to 

which 

exposed. 

Number 
of  ex- 
periments 
made. 

Date 

of  Turbidity, 

if  any. 

Besults 

at  Expiration 

of  the 

8th  day. 

122°  F.   \ 
(50°  0.)    ' 
131°  F. 

1 
7 

24  hours. 
48  hours. 

Turbid. 
All  turbid. 

140°  F. 
149°>. 

9 
4 

r  1  in  48  hours. "] 
6  in  60  hours. 
1  in    3  days. 
1  in    8  days. 

r    2  in  5  days.    1 
1  in  8  days. 

All  turbid. 

J  Three  turbid. 
\  One  clear. 

158°  F. 
167°  F. 
176°  F.   \ 
(80°  C.)  / 

15 
4 

12 

All  clear. 
All  clear. 

All  clear. 

Acid  Turnip-Iwftjsiow. 

Temp,  to 

which 

exposed. 

Number 
of  ex- 
periments 
made. 

Date 

of  Turbidity, 

if  any. 

Besults 

at  Expiration 

of  the 

8th  day. 

122°  F. 
131°  F. 

•   •    •  • 

7 

f  5  in  24  hours.  \ 
2  m  48  hours. 

V                                                                        J 

All  turbid. 

140°  F. 
149°  F. 

12 
10 

6  in  40  hours.  ] 
-     4  in    3  days.    ► 

2  in    4  days.  J 
1    1  in    3  days.  \ 

3  in    5  days. 

1  in    7  days.    ( 
^   2  in    8  days.  J 

All  turbid. 

Seven  turbid. 
\  Three  clear. 

158°  F. 
167°  F. 
176°  F. 

17 
4 

•  •   •  • 

All  clear. 
All  clear. 
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The  experimental  results  above  tabulated  seem  naturally  divisible  into 
three  groups.  Thus,  when  heated  only  to  131°  F.,  all  the  infusions  became 
turbid  within  two  days,  just  as  the  inoculated  saline  solutions  had  done*. 
Heated  to  158°  F.  all  the  inoculated  organic  infusions  remained  clear,  as 
had  been  the  case  with  the  saline  solutions  in  my  previous  experiments 
when  heated  to  140°  F.  There  remains,  therefore,  an  intermediate  heat 
Bone  (ranging  from  a  little  below  140°  to  a  little  below  158°  F.)  after  an 
exposure  to  which  the  inoculated  organic  infusions  are  apt  to  become 
more  slowly  turbid,  although  inoculated  saline  solutions  raised  to  the 
same  temperatures  invariably  remain  unaltered.  The  full  explanation  of 
these  apparent  anomalies  I  propose  to  make  the  subject  of  a  future 
communication  to  the  Eoyal  Society ;  meanwhile  we  may  quite  safely 
conclude  that  Bacteria^  VibrioneSf  and  their  supposed  germs  are  either 
actually  killed  or  else  completely  deprived  of  their  powers  of  multiplica- 
tion after  a  brief  exposure  to  the  temperature  of  158°  F.  (70°  C.)- 

This  evidence  now  in  our  possession  as  to  the  limits  of  "vital 
resistance  "  to  heat  displayed  by  Bacteria,  VibrioneSj  and  their  supposed 
germs  in  neutral  saline  solutions,  and  in  neutral  or  acid  organic  infusions, 
is  most  pertinent  and  valuable  when  considered  in  relation  to  that 
supplied  by  other  sets  of  experiments  bearing  upon  the  all-important 
problem  of  the  Origin  of  Life.  These  latter  experiments  alone  may 
possibly  leave  doubt  in  many  minds ;  but  the  more  thoroughly  they  are 
considered  in  relation  to  the  evidence  brought  forward  in  this  communi- 
cation, the  more  fully,  I  venture  to  think,  will  every  lingering  doubt  as  to 
the  proper  conclusion  to  be  arrived  at  be  dispelled. 

Thus  we  now  know  that  boiled  turnip-  or  hay-infusions  exposed  to 
ordinary  air,  exposed  to  filtered  air,  to  calcined  air,  or  shut  o£E  altogether 
from  contact  with  air  are  more  or  less  prone  to  swarm  with  Bacteria  and 
Vibrianes  in  the  course  of  from  two  to  six  days  ;  but,  placed  under  slightly 
different  conditions  such  as  were  employed  in  the  inoculation  experiments 
above  quoted,  although  infusions  of  the  same  nature  do  not  undergo  "  spon- 
taneous'' putrefactive  changes,  yet  when  living  Bacteria  and  Vibriones  are 
added,  and  not  subsequently  heated,  putrefaction  invariably  takes  place  and 
the  fluids  thus  situated  rapidly  become  turbid.  There  is  therefore  nothing 
in  the  conditions  themselves  tending  to  hinder  the  process  of  putrefaction, 
BO  long  as  living  iinits  are  there  to  initiate  it.  Our  experiments  now  show 
that  as  long  as  the  added  Bacteria,  Vibriones,  and  their  supposed  germs  are 
subjected  to  a  heat  not  exceeding  131°  F.  (55°  C),  putrefaction  invariably 
occurs  within  two  days;  whilst,  on  the  contrary,  whenever  they  are 
subjected  to  a  temperature  of  158°  F,  (70°  C.)  putrefaction  does  not  occur. 
To  what  can  this  difference  be  due,  except  to  the  fact  that  the  previously 
living  organisms,  which,  when  living,  always  excite  putrefaction,  have  been 

*  In  the  experiments  already  referred  to. 
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killed  by  the  temperature  of  168°  F.  ?  It  would  be  of  no  avail  to  suppose 
that  the  absence  of  putrefaction  in  these  latter  cases  is  due  to  the  fact 
that  a  heat  of  158^  F.,  instead  of  killing  the  organisms  and  their  germs, 
merely  annuls  their  powers  of  reproduction,  because  in  the  other  series 
of  experiments  (with  which  these  have  to  be  compared),  where  similar 
fluids  are  exposed  to  ordinary  or  purified  air,  or  are  shut  off  from  the 
influence  of  air  altogether,  the  most  active  putre&ction  and  multiplica- 
tion of  organisms  takes  place  in  two,  three,  or  four  days,  in  spite  of  the 
much  more  potent  heat  of  212°  F.  to  which  any  preexisting  germs  or 
organisms  must  have  been  subjected.  The  supposition,  therefore,  that 
the  Bacteria^  Vihriones^  and  their  germs  were  not  killed  in  our  inoculation 
experiments  at  the  temperature  of  158°  F.,  but  were  merely  deprived 
of  their  powers  of  reproduction,  would  be  no  gain  to  those  who  desire 
to  stave  off  the  admission  that  Bacteria  and  Vihriones  can  be  proved  to 
arise  de  novo  in  certain  cases.  Let  us  assume  this  (which  is  indisputably 
proved  by  these  inoculation  experiments),  viz.  that  an  exposure  to  a 
temperature  of  168°  F.  (70°  C.)  for  five  minutes  deprives  Bacteria^ 
Vibf'ioneSj  and  their  germs  of  their  usual  powers  of  growth  and  repro- 
duction— that  is,  that  it  reduces  them  to  a  state  of  potential,  if  not 
necessarily  to  one  of  actual  death.  What  end  would  be  served  by  such 
a  reservation?  The  impending  conclusion  could  not  be  staved  off  by 
means  of  it.  The  explanation  of  what  occurs  in  the  other  set  of  experi- 
ments, where  the  much  more  potent  heat  of  212°  F.  is  employed,  still 
would  not  be  possible  without  having  recourse  to  the  supposition  of  a 
de  novo  origination  of  living  units,  so  long  as  those  which  may  have  pre- 
existed in  the  flasks  could  be  proved  to  have  been  reduced  to  such  a 
state  of  potential  death.  It  would  be  preposterous,  and  contrary  to  the 
whole  order  of  Nature,  to  assume  that  the  vastly  increased  destructive 
influence  of  a  heat  of  212°  F.  had  restored  vital  properties  which  a  lesser 
amount  (168°  F.)  of  the  same  influence  had  completely  annulled. 

The  evidence  supplied  by  these  different  series  of  experiments,  in 
whichever  way  it  is  regarded,  as  it  seems  to  me,  absolutely  compels  the 
logical  reasoner  to  conclude  that  the  swarms  of  living  organisms  which 
so  often  make  their  appearance  in  boiled  infusions  treated  in  one  or  other 
of  the  various  modes  already  proved  to  be  either  destructive  or  exclusive 
of  preexisting  living  things  are  the  products  of  a  new  brood  of  "  living  " 
particles,  which,  in  the  absence  of  any  coexisting  living  organisms,  must 
have  taken  origin  in  the  fluid  itself.  For  this  mode  of  origin  of  living 
imits,  so  long  spoken  of  and  repudiated  as  "  spontaneous  generation,"  I 
have  proposed  the  new  term  Archebiosis. 
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in.  '^  Some  new  Theorems  on  the  Motion  of  a  Body  about  a  Fixed 
Point/'  By  Edward  John  Route,  M.A.,  F.R.S.  Breceived 
December  21,  1872. 

Poinsot  constructs  the  motion  of  a  rigid  body  about  a  fixed  point  under 
the  action  of  no  forces  by  means  of  an  ellipsoid  which  has  its  centre  at  the 
fixed  point  and  rolls  on  a  fixed  plane.  In  this  mamier  the  relations  of 
the  inyariable  line,  and  the  instantaneous  axis  to  each  other  and  to  the 
other  parts  of  the  body,  may  be  found  by  solid  geometry.  It  is  evident  that 
in  many  cases  these  relations  are  merely  translations  into  the  language 
of  solid  geometry  of  certain  properties  of  the  spherical  eUipse.  In  trying 
to  make  use  of  the  spherical  ellipse  in  a  general  manner,  I  have  been  led 
to  some  theorems  which  I  think  are  interesting,  and  which  seem  to  be  new. 
In  what  follows  I  shall  restrict  myself  almost  entirely  to  these  results. 

1.  Let  a  body  be  turning  about  a  fixed  poiat  O  under  the  action  of 
no  forces,  and  let  the  angular  velocities  about  the  principal  axes  at  O  be 
Mp  M„  M3.  Also  let  A,  B,  C  be  the  principal  moments  at  the  fixed  point ; 
then  we  know  that  if  we  put 

a  I  a  I  3 s    ^ 

A«,«  +  Ba,/  +  C«,'=T,      . 

AV+BV+CV=^'»  J 

T  and  Q  are  constant  throughout  the  motion,  and  ut  is  the  resultant 
angular  velocity. 

2.  There  are  three  straight  lines  whose  motions  we  may  consider : — 

(1)  the  Instantaneous  axis,  whose  direction  cosines  are  ^,  — %  ^ ;    (2) 

W     tlf     ut 

the  Invariable  axis,  whose  direction  cosines  are   -^t  -7^,  -^ ;   (3)  the 

U"       Cr       (x 

Eooentric  axis,  whose  direction  cosines  are  — -^,  — 7^.  — -=^.    This 

VT       VT  '     VT 

last  axis  is  the  eccentric  line  of  the  instantaneous  axis  with  regard  to  the 
momental  ellipsoid  at  the  fixed  point,  or,  which  is  the  same  thing,  the 
eccentric  line  of  the  invariable  axis  with  regard  to  the  ellipsoid  of  gyra- 
tion. Let  a  sphere  ol  radius  unity  be  described  whose  centre  is  O,  fixed 
in  the  body  and  thiwef ore  moving  with  it.  Let  these  three  axes  cut  the 
sphere  respectively  in  the  points  I,  G,  H.  Let  the  principal  axes  at  O 
cut  the  sphere  in  A,  B,  C.  It  is  our  object  to  discuas  the  motions  of 
I,  G,  H  relatively  to  A,  B,  C  and  in  space. 

3.  The  equaiaoDA  to  the  eoaies  described  in  the  body  by  01,  OQ,  OH 
respectively  are 

A(AT-GV+B(BT-G"y+C(CT-GP')B«-0, 


(AT-GV+(BT-GV+(CT-GHy=0 


TOL.XXI. 
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Xt  is  dear  that  the  Hiree  pomte  I,  Q,  H  describe  spherical  ellipses  on  the 

sphere  of  radius  unity.     We  know  that  -_^  lies  between  the  greatest,  A, 

and  the  least,  C,  of  the  principal  moments  of  inertia ;  let  us  suppose  that 
it  is  also  greater  than  the  mean  principal  moment  B,  In  this  case  the 
concavities  of  the  three  ellipses  will  be  towards  the  point  A,  i.  e.  the 
pcont  where  the  axis  of  greatest  moment  cuts  the  sphere.  This  point  is 
tlierefore  to  be  regarded  as  the  common  centre  of  the  three  ellipses.    If 


■B-<  B,  the  common  centre  would  be  the  intersection  of  the  least  axis  of 

moment  with  the  sphere. 

In  the  figure  the  eye  is  supposed  situated  on  the  axis  of  greatest 
moment,  viewing  the  sphere  from  a  considerable  distance.  All  great 
orcles  on  the  sphere  are  represented  by  straight  lines. 

The  eemiaxes  A  K,  A  L  of  the  eccentric  ellipse  are  evidently  ^ren  by 

V  AT-G'  V  AT-G'         ^        J'\-^   ^ 

the  semiaxes  of  the  instantaneous  ellipse  and  invariable  ellipse  respec- 
tively, we  have 

tan  a      tan  a'  _  tan  a 

tan  b      tan  b'  _  tan  0 
~C~"~A~      TaC* 
Thus  it  appears  that  the  ratint  of  the  tangents  of  ike  trmiaxa  are  inde- 
pendent  of  the  initial  eonditiont. 

It  we  put  1— e^=  -:—}-,  we  may  define  e  to  be  the  eccentricity  of  the 

invariable  ellipse.   If  c  be  the  eccentricity  of  the  eccentric  ellipse,  we  easily 
find 

*■=  ^  B-C      ,     B-C . 
B  A-C'    '  "A-C 
so  that  both  these  eccentricities  are  independent  of  the  initial  eojutittoiu. 
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4.  Sinoe  the  body  is  turning  about  O I  as  instantaneouB  azb,  it  is  evi- 
dent tiiat  the  motion  of  G  in  the  body  is  perpendicular  to  the  great  drde 
I G-.     ffenee  I G-  prodtieed  is  a  normal  to  the  invariable  ellipse, 

5.  If  M  be  the  angular  velocity  of  the  body,  the  angular  velocity  of  OG- 

A 
is  w  sin  GI.     But  the  resolved  angular  velocity  of  the  body  about  0  G  is 

T 
constant,  and  a  _  by  a  theorem  due  to  Lagrange.     Hence  the  veh- 

T         A 
diy  of  the  ifwariahle  line  along  its  ellipse  is  TitanGL     Also  the  re- 

T      1 
Bultant  angular  velocity  of  the  body  is  ^ 


GcosGI 

6.  Let  the  great  circle  GI  cut  the  axis  major  in  N,  so  that  GN  is  a 
normal  to  the  invariable  ellipse.  Bef  erring  the  lines  to  the  principal  axes 
at  the  fixed  point  O  as  coordinate  axes,  the  direction  cosines  of  OG,  ON 
are  easily  seen  to  be  proportional  to 

Awj,  Bwj,  C«„ 

(A-C>„  (B-C)ft;„  O. 

Hence 

^n^^   A(A^CX«+B(B^C).;,- 

G .  V  ( A-  Cy»,' + (B  -  Cyat^' 
Substituting  for  Wp  »,  their  known  values  in  terms  of  w, 

tanGX==CV5v3T^ 
G»-CT 


But  i.cosGI«^;  .-.tanGI=     ^jg     ^. 

,Itf6Uows  at  once  that  the  ratio  - — tt^t  ^  constant  throughout  the  motion 
GP— or  tanGW 

It  also  follows  that  the  extremity  of  the  invariable  line  moves  along  its 
ellipse  %vith  a  velocity  which  hears  a  constant  ratio  to  the  tangent  of  the  length 
of  the  normal  to  the  ellipse  intercepted  between  the  curve  and  either  axis, 

7.  Let  us  find  the  motion  of  the  invariable  axis  referred  to  one  focus, 
S,  of  the  ellipse  described  by  it. 

The  velocity  of  G  resolved  perpendicular  to  the  focal  radius  vector  S  G 
is,  by  what  precedes,. 

G*-CT 


CG 


tan  GN .  cos  SGN. 


It  may  be  shown  that  in  any  spherical  ellipse  the  projection  of  the 

normal  on  either  focal  radius  is  constant.    If  this  constant  be  called  Z, 

t        .      *     tan' 6 

we  have  tan  m . 

tana 

u2 
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If,  therdPore,  NL  be  a  perp^idicular  arc  drawn  from  N  on  SG-,  we 

have 

tan  GLai  tan  GN  cos  SGN. 


Hence  the  resolved  Telocity  of  Q 

-     CG 


tan{ 


-V- 


-BTXAT-GP) 
AB 


Hence  throughout  the  motion  the  extremity  G  of  the  invariahle  cuds  moves 
along  its  ellipse  in  such  a  manner  that  its  velocity  resolved  jperpendiadar  to 
the  focal  radius  vector  SG  is  constant. 

8.  Let  us  next  find  the  velocity  of  G  resolved  along  the  focal  radius 
vector  SG.  Let  8G»/>,  GSAsO;  then  the  polar  equation  to  a  sphe- 
rical ellipse  may  be  proved  to  be 

gmacoflag-^)  „  eos'  6-«  cos  0. 
tanp 

Differentiating  this,  we  get 

(1— «')  sin  a  cos  a  c^p  .    «  dS 

. — ^  —7-  ^^  ~~  e  sin  o  "Tr*» 

sin  p  at  dt 

do 
But  the  value  of  sinp-. ,  being  the  velocity  of  G  perpendicular  to  the 

till 

radius  vector  S  G,  has  just  been  found.  '  Also  if  GM  be  drawn  as  an 
ordinate  perpendicular  to  the  major  axis,  we  have  sin  p  sin  0=:sin  GM. 
Hence,  substituting  from  art.  3,  we  get 

^^-J.AAEMlESsinGM. 
rf<  C  V  AB 

Hence  the  velocity  of  G  resolved  along  either  focal  radius  vector  hears  to  the 
sine  of  the  ordinate  of  G  a  ratio  which  is  constant  throughout  the  motion. 
This  constant,  when  divided  by  the  resultant  angular  momentum,  is  inde- 
pendent  of  the  initial  conditions, 

9.  We  may  also  refer  the  motion  of  G  to  the  centre  of  its  ellipse. 

The  velocity  of  G  along  its  ellipse  being  — -^^ — tanGN,  the  re- 
solved velocity  perpendicular  to  AG  is 

=  5!z^  tan  GN .  cos  AGN. 

But  if  AF  be  an  arc  drawn  from  A  perpendicular  to  GN,  we  have, 
by  Napier's  rules, 

cos  AGN«=t«n  GF .  cot  AG ; 

and  in  any  spherical  ellipse  we  have 
L  tan  GN  .  tan  GF=tan*  6. 
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Kliminitt^ng  cos  AQN  and  tan  GF,  we  have 

AT— GP 

resolved  velocity  of  G=  — --= —  cot  AG. 

AG 

Hence  the  velocity  of  G  resolved  perpendicular  to  its  central  radius  vector 

varies  as  the  cotangent  of  that  radius  vector. 

If  GM,  GM'  be  perpendicular  arcs  drawn  from  G  on  the  axes,  we 

maj  show  that  the  velocity  of  G  resolved  along  its  central  radius  vector 

^  B-C    sin  GM .  sin  GM' 
18  a  — u^  , «j^Q •    ^^^  result  may  be  deduced  from 

one  of  Euler's  equations. 

10.  The  relations  of  the  motions  of  the  points  G,  H,  I  to  one  another 
may  easily  be  deduced  from  the  following  simple  formuhe. 

If  we  eliminate   «j,  «„  «,  from  the  expressions  for  the  direction 

T 
cosines  of  OG,  OH,  01,  and  w  by  Lagrange's  theorem,  w  cos  GI  =  ^  we 

find  cosAI         cos  AG       cos  AH 


G'cosGI         AT  GVAT 

If  P  be  any  point  <m  the  sphere,  we  have,  by  Napier's  rules, 

S2i^  =  £?^««cotPAB. 
cos  CP      cos  CAP 

From  this  we  easily  deduce 

tang'      tane      tanO" 

where  0*,  0,  0"^  are  the  angles  the  central  radii  vectores  AI,  AG,  AH 
make  with  iiie  major  axis. 

11.  Let  us  apply  these  to  find  the  motion  of  the  extremity  I  of  the 
instantaneous  axis  along  its  ellipse. 

B 

Differentiating  the  expression  tanO'=~tanO,  we  get 

d^  _  B  cos'  B'  de 
dt  ■"  C  cos'  B  dt 

If  (a,  /3,  y),  (a',  /3',  y')  be  the  direction  angles  of  OG  and  01  referred  to 

the  principal  axes  at  O,  we  have,  by  Napier's  rules,  cos  0  sr    .  ^  "■  and 

sma 

cos  O'  B=  ^?^   ,.    Also  — -  has  been  already  found.    Hence 
sm  a  dt 

dB'  ^coa^fi'     sin'g    AT-G'  1  B , 

cU       sin'  a  '  cos'*  /3  '     AG      tan  a  .  sin  a  C  ' 

.      ,c»'      G  AT-G'        .    ,         nT 
.'.  sma  -^=:~ — =^  .  cota  .  COsGI. 

This  gives  the  velocity  perpendicular  to  AI.    The  velocity  along  its 
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ellipse  may  be  found  by  dividing  this  by  cos  AIN',  where  IN'  is  a  normal 
to  the  instantaneous  axis  cutting  the  major  axis  in  N'.    By  a  property 

fain'  h' 

of  the  spherical  ellipse  proved  above,  we  have  cos  AIN'  =  - —  — ,, 

Hence,  substituting, 

velocity  of  I     \      G  G*-CT  .^.  ^^t 
1        'i.     ir    ^   f  =  TK- — i-'Fs — tann.coflixi, 
along  its  elupse  J       T     AB 

where  n'  is  the  length  of  the  normal  to  the  instantaneous  ellipse  inter- 
cepted between  the  curve  and  the  major  axis. 

12.  If  we  compare  this  formula  with  the  corresponding  formula  for 
the  velocity  of  G-,  viz. 

velocity  of  G    1       G^z^tann 
along  its  ellipse  J  ""     CG  ' 

we  see  that  for  every  theorem  relating  to  the  motion  of  G  in  its  ellipse 
ihere  is  a  corresponding  theorem  for  the  motion  of  I.  jPbr  example^  if 
S'  he  a  focus  of  the  instantaneous  ellipse,  we  see  that  the  velocity  of  I  resolved 
perpendicular  to  the  foooX  reulius  vector  S'l  hears  a  constant  ratio  to  cos  GI. 

This  constant  ratio  is  =  ^.  /(AT-GO(G'-BTX 

^V  AB 

13.  From  the  two  formulas  for  the  velocities  of  G  and  I  we  may  easily 

deduce 

angular  velocity  of  I  about  A  __  A'  /cot  AIV 

angular  velocity  of  G  about  A  "~  BC\cot  AG/  * 

14.  We  may  apply  the  same  kind  of  reasoning  to  find  the  motion  of 

H  along  the  eccentric  ellipse.    Beginning  with  tan  0"=  a  /  -^  tan  d,  we 

find 

velocity  of  H  =  _ _^== .  tan  n", 

where  n"  is  the  length  of  the  normal  to  the  eccentric  ellipse  intercepted 
between  the  curve  and  the  major  axis. 

Hence  the  velocity  of  the  eccentric  line  along  its  ellipse  varies  as  the  tangent 
of  the  normal  to  its  path, 

15.  It  may  be  proved  that  in  any  spherical  ellipse 

tan'  n  as  — ,,    .  ,    .  (cos*  r— cos*  a  cos*  6), 
cos'  6  sm'  a 

where  r  is  the  central  radius  vector,  and  n  the  length  of  the  normal.  By 
using  this  formula  we  easily  find 

(velocity  of  H)*— (velocity  of  G)'s=  constant. 
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16.  The  invariable  axis  OG-  being  fixed  in  space,  it  will  be  useful  to 
find  ihe  motion  of  1  relatively  to  G-. 

Let  p  be  the  radius  of  curvature  of  the  spherical  ellipse  described  by 
&9  and  let  GIsz.    Then  clearly 

velocity  of  I  resolved    1  _ /velocityN    sin(p4-«) 
perpendicularly  to  Q-I  J  ~  \  of  Q-  y        sinp 

T 

s  -^ tan  z .  (cos  z-f  cot  p  sin  z). 

But  it  may  be  proved  that  in  any  spherical  ellipse 

,  tan^  n 

where  n  is  the  length  of  the  normal,  and  21  the  length  of  the  latuB 
rectum.     Substituting  for  tan  p,  and  remembering  that  the  ratio 

tanz      GP-CT 


tann 


CT 


we  get 


angular  velocity  1       T   ,  T  /G^*— CT\«  /  tan* h  \^     ., 
^laboutG    /'=5  +  5\,-CT~;   ("te^J  ' 


where  a  and  h  are  the  semiaxes  of  the  ellipse  described  by  Q.    If  we 
substitute  for  tan  a,  tan  b  their  values,  we  get 

angular  velocity  of  1       T      (AT  -  GP)(BT  -  GP)(CT  -  GP)     . , 
I  in  space  about  OtjQt'^  ABCGT*  ^    ^' 

which  agrees  with  Poinsot*s  results. 

17.  We  may  put  this  result  into  another  form.     Substituting  in  art.  15 

T 

for  the  velocity  of  G,  viz.  ^  tan  z,  we  get  an  expression  for  the  velo- 
city of  H  in  terms  of  z.    Comparing  it  with  the  above  result,  we  get 

angular  velc^ity  of  1       G  ^^^,  ^  ^^^j^^    ^^  jj^,^ 
1  m  space  about  G  J       T 

18.  The  angles  described  in  space  round  Q  by  the  arcs  GA,  GS  may 
be  represented  geometricaUy  thtis  : — 

Let  }(/  be  the  angle  described  by  GA ;  then,  as  proved  in  books  on 
Bigid  Dynamics, 

dt       5^      AG 


Let  6  be  the  angle  GAD,  then  it  has  been  proved  above  (art.  9)  that 

dd     AT-G' 
dt  ^ 


AG 

d^^,       T 


cot'  AG  .  sec  AG ; 


X  cos  AG .  -=-. 
at 
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H«nce,  integnrtani;,  we  get 

/TOctorial  Mea\ 


I     T  t^(ZiT\     /Tectorial  Mea\ 
^-Qt+QAD-\^      GAD      / 


By  enbtracting  the  angle  SGA,  we  get,  if  ^'  be  the  angle  deicribed  by 
OS  in  space, 

I'     T  ,  ,  nq.      /vectorial  w«b\ 

Aetkhsez. 

The  following  properties  of  the  spherical  ellipse  will  be  nseful  in 
connexion  with  what  precedes.    I  have  not  been  able  to  find  them  anjr- 


1.  Equation  to  the  ellipse, 


Here  y*  is  the  eccentric  ordinate  and  ■^^.  is  conatant. 

2.  The  projection  of  the  normal  GN  on  the  focal  radius  vector  SG, 
t,  (,  GL  is  constant  and  equal  to  semilatus  rectum. 

_  t-an'  b        I        tan  NL 

3.  If  HAFcutGNat  right  angles,  tanQN.  tanGF=tan'6. 

4.  The  length  GK  cut  off  the  focal  radius  vector  by  the  conjugate 
diameter  is  constant  and  equal  to  a. 

This  follows  from  (2)  and  (3). 

6.  If  ("ssl—   .--,  then  GM  beine  an  ordinate  perpendicular  to  AN, 
Bin' a  °  "^    '^ 

tan  AK=e*  tan  AM. 
0.  Also  S  being  a  focus, 

t«n(SG-a)-«tanAM. 


If  i= semilatus  rectum,  tan/ =1=1^;    also    if.^^= constant. 


7.  Polar  equation  to  the  ellipse, 

tan  I       ,         e  f~ci  > 

, — -j5-  -1 ^  COS  Q8A. 

tan  8G  cos'  b 
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8.  If  p  be  the  radius  of  corYatuTe, 
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tanp: 


tan'n 


9.  Begarding  AG,  AH  as  conjugate  diameters, 

sin*  AH  +  sin"  AG = sin*  a + sin'  6, 
sin  AH  .sinGF=sina.  sin&. 

10.  If  jp  be  the  perpendicular  from  A  on  the  tangent  at  G, 

tan'  a  tan'  h 


tan^'jp 
11.  tan"GN-tan'Z« 


cos*  6 


= tan' a + tan' 6  -  tan' AG. 


sin'  GM. 


12.     sin*  a — sin*  AG 


:sm 


;— sm*AG    1  «*       .  arnvj- 

HA^sin'6|=iZ:7'''^^^^- 


Cor.    tan'GN 


tan»6 


cos 


« — — y-  (cos*  AG — COS*  a  cos*  h). 
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March  27,  1873. 

Sir  GEOBGE  BIDDELL  AIBY,  K.C.B.,  President,  in  the  Chair, 

It  was  proposed  by  the  Earl  of  Eosse,  and  seconded  by  Dr.  Sharpey, — 
That  the  best  thanks  of  the  Boyal  Society  be  given  to  Dr.  Bence 
Jones  for  his  munificent  present  of  a  bust  of  Faraday. 

The  Bakerian  Lecture. — ^^  On  the  Radiation  of  Heat  from  the 
Moon,  the  Law  of  its  Absorption  by  our  Atmosphere,  and 
its  variation  in  amount  with  her  Phases.^^  By  the  Earl  op 
BossE,  D.C.L.,  F.R.S.,  &c.     Received  February  3,  1873. 

(Abstract.) 

In  this  paper  is  given  an  account  of  a  series  of  observations  made  in 
the  Observatory  of  Birr  Castle,  in  further  prosecution  of  a  shorter  and 
less  carefully  conducted  investigation,  as  regards  many  details,  which 
forms  the  subject  of  two  former  communications*  to  the  Boyal  Society. 

The  observations  were  first  corrected  for  change  of  the  moon's  distance 
from  the  place  of  observation  and  change  of  phase  during  the  continuance 
of  each  night's  work,  and  thus  a  curve,  whose  ordinates  represented  the 
scale-readings  (corrected)  and  whose  absciss®,  represented  the  corre- 
sponding altitudes,  was  obtained  for  each  night's  work.    By  combining 

*  Proceedings  of  the  Boyal  Society,  vol.  xvii.  p.  436,  toL  lix.  p.  9. 
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all  these,  a  single  curve  and  table  for  reducing  all  the  observations  to  the 
same  zenith-stance  was  obtained,  which  proved  to  be  nearly,  but  not 
quite,  the  same  as  that  found  by  Professor  Seidel  for  the  light  of  the 
stars.  By  employing  the  table  thus  deduced,  and  also  reducing  the  heat- 
determinations  obtained  on  the  various  nights  for  change  of  distance  of 
the  sun,  a  more  accurate  phase-curve  was  deduced,  indicating  a  more 
rapid  increase  of  the  radiant  heat  on  approaching  fuU  moon  than  was 
given  by  the  formula  previously  employed,  but  still  not  so  much  as  Pro- 
fessor Zollner's  gives  for  the  moon's  light. 

By  employing  Laplace's  formula  for  the  extinction  of  light  in  our 
atmosphere,  the  heat-effect  in  terms  of  the  scale-readings  was  deduced, 
and  an  approximation  to  the  height  of  the  atmosphere  attempted. 

From  a  series  of  simultaneous  measurements  of  the  moon's  heat  and 
light  at  intervals  during  the  partial  eclipse  of  November  14,  1872,  when 
clouds  did  not  interfere,  it  was  found  that  the  heat  and  light  diminish 
nearly  if  not  quite  proportionally,  the  minimum  for  both  occurring  at  or 
very  near  the  middle  of  the  eclipse,  when  they  were  reduced  to  about  half 
what  they  were  before  and  after  contact  with  the  penumbra. 


April  3,  1873. 

WILLIAM  SHARPEY,  M.D.,  Vice-President,  in  the  Chair. 

The  following  communications  were  read : — 

I.  ^^On  the  Structure  of  Striped  Muscular  Fibre/'  By  Edward 
Albert  Schafer.  Communicated  by  Dr.  Sharpey,  V.P.R.S. 
Received  March  13,  1873. 

(Abstract.) 

After  premising  that,  owing  to  the  rapidity  with  which  changes  set  in 
after  death,  the  subject  in  question  can  only  properly  be  worked  out 
whilst  the  muscular  fibres  are  still  living,  the  author  proceeds  to  give 
the  result  of  his  investigations  of  the  tissue  in  this  condition.  The 
animal  employed  was  the  common  large  water-beetle,  the  muscles  of  the 
legs  being  taken.  These  were  examined  entirely  without  addition,  being 
either  teazed  out  upon  a  glass  slide  in  the  ordinary  way  and  covered 
with  thin  glass,  or  else  prepared  upon  the  latter,  which  was  then  inverted 
over  a  ring  of  putty  after  the  method  introduced  by  Strieker. 

The  author  describes  a  muscular  fibre  as  consisting  of  a  ground- 
substance  appearing  at  first  sight  to  be  formed  of  two  distinct  substances 
(the  one  dim,  the  other  bright  in  aspect,  which  are  arranged  in  altematiog 
disks  disposed  in  successive  series,  with  their  planes  at  right  angles  to 
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Ae  azifl  of  tbe  fibre)  and  of  a  vast  number  of  minute  rod-like  parddes, 
to  which  he  applies  the  term  muade^rods,  which  are  closely  arranged 
■ide  by  side  and  parallel  to  the  axis  of  the  fibre,  so  as  to  form  by  their 
juxtaposition  as  many  series  as  there  are  disks  of  dim  substance  in  the 
fibre.  The  main  part  or  shaft  of  each  muscle-rod  is  imbedded  in  and 
trayerses  a  disk  of  dim  substance,  while  the  ends,  which  are  enlarged  at 
tifes  extremity  into  little  knobs  or  heads,  extend  into  the  bright  disks. 
These  little  knobs  it  is  which  give  the  appearance  of  the  line  of  dots 
which  has  long  been  described  as  existing  in  the  middle  of  each  bright 
stripe ;  when  the  fibre  is  somewhat  extended  this  line  appears  double, 
owing  to  the  separation  of  the  heads  of  the  two  successive  series  of 
muscle-rods  which  meet  in  the  middle  of  the  disk  of  bright  substance. 
The  author  describes  the  rods  as  differing  somewhat  both  in  relative 
position  and  in  form,  these  differences  being  accompanied  by  corre- 
sponding changes  in  the  appearance  of  the  ground-substance.  The 
principal  changes  are  those  of  form.  Thus,  in  what  the  author  is 
inclined  to  regard  as  the  state  of  absolute  rest,  the  rods  are  uniformly 
cylindrical  without  terminal  enlargements ;  in  this  case  only  a  longi- 
tudinal fibrillation  is  to  be  seen  in  the  fibre,  all  trace  of  transverse 
striping  having  disappeared.  In  the  normal  state  of  slight  tension, 
however,  the  rod-heads  make  their  appearance,  and  with  them  the  bright 
substance  by  which  they  are  surrounded,  so  that  the  dim  ground- 
substance  now  presents  a  transversely  striated  aspect.  In  contraction 
of  the  muscle  the  heads  of  the  rods  become  enlarged  at  the  expense  of 
the  shaft,  the  extremities  of  each  muscle-rod  thus  approaching  one 
another :  the  enlarged  heads,  being  closely  applied  both  to  the  neigh- 
bouring ones  of  the  same  series  and  to  those  of  the  next  series  which 
meet  them  in  the  bright  stripe,  the  line  of  dots  now  appears  as  a  dark 
transverse  band  with  bright  borders.  As  the  contraction  proceeds,  and 
these  dark  bands  approach  one  another,  the  bright  borders  encroach  upon 
^le  dim  stripe,  which  finally  disappears,  so  that  its  place  is  taken  up  by 
a  single  transverse  bright  stripe.  Consequently  contracted  muscle  shows 
alternate  dark  and  light  stripes ;  the  former,  however,  are  in  this  case  due 
to  the  enlarged  juxtaposed  extremities  of  the  rods,  the  light  on  the  other 
hand  being  mainly  composed  of  the  ground-substance  which  has  become 
accumulated  in  the  intervals  between  their  shafts. 

After  giving  a  description  of  the  appearances  observed  in  transverse 
section,  when  examined  in  the  normal  state  without  addition,  and  after 
the  consideration  of  those  which  are  met  with  in  sections  from  frozen 
muscle  examined  in  -j^  per  cent,  solution  of  common  salt,  and  which  have  been 
described  by  Cohnheim,  the  author  proceeds  to  consider  the  nature  of 
the  ground-substance,  and  more  especially  the  transversely  striated 
ikppearance  which  it  ordinarily  presents.  He  gives  it  as  his  opinion  that 
the  ground-substance  is  in  reality  uniform  in  nature  throughout,  and 
that  fhe  bright  bands  which  cross  it  are  due  to  an  optical  effect  produced 
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by  the  presence  of  the  globular  heads  of  the  muscle4;t>ds,  whidi  have  a 
different  refractive  index  trom  that  of  the  ground-substance.  That 
such  an  explanation  is  possible,  is  shown  bj  the  examination  of  minute 
oil-globules  imbedded  in  gelatine,  which  appear  under  the  microscope  as 
dark  spots  with  a  bright  surrounding,  the  juxtaposition  oi  several  such 
dots  giving  the  effect  of  a  bright  band.  That  the  bright  transverse  bands 
in  muscle  are  similarly,  produced  by  the  juxtaposition  of  the  rod-heads 
would  appear  from  the  following  amongst  other  oonsideraUons  i-^ 

1.  Where  the  rod-heads  are  smaller  the  bright  bands  are  correspond- 
ingly narrower. 

2.  Where  the  rod-heads  have  become  merged  into  the  shafts,  so  as  no 
longer  to  be  seen  as  distinct  objects,  the  bright  transverse  stripes 
have  also  entirely  disappeared. 

3.  When  in  contraction  the  rod-heads  enlarge  and  encroach  on  the 
shaft,  their  bright  borders  accompany  them  and  encroadi  on  the  dim 
substance,  so  that  at  last  all  appearance  of  dimness  becomes  entirely 
obliterated,  the  bright  borders  becoming  blended  in  the  middle. 

4.  The  part  of  the  muscle-rod  where  the  head  joins  the  shaft  is 
rendered  indistinct  by  the  brightness  around  t^e  rod-head ;  whereas 
if  this  brightness  were  inherent  in  the  ground-substance,  this  part 
of  the  rod  would  stand  out  all  the  darker  by  the  contrast. 

5.  The  appearance  of  a  ivansverse  section  is  corroborated;  for  in 
this  case  the  rod-heads  are  seen  so  close  together  that  the  optical 
effect  of  any  one  would  become  merged  into  those  of  its  neighbours  : 
consequently  the  whole  of  the  intermediate  substance  would  appear 
bright ;  and  this  is  actually  found  to  be  the  case. 

6.  The  fact  that  both  the  dim  and  the  bright  substance  of  resting 
muscle  appear  doubly  refracting  would  seem  to  indicate  that  t^ey 
are  of  the  same  nature. 

The  author  then  proceeds  to  give  the  result  of  his  investigations  of  the 
appearance  of  muscle  under  polarized  light.  He  finds  that^  as  regards 
muscle  at  rest  when  placed  between  crossed  Nicols,  the  whole  fibre 
appears  illuminated ;  in  the  contracted  state,  on  the  other  hand,  the 
appearance  is  presented  of  illuminated  stripes  with  dark  intervals.  The 
latter  correspond  with  the  lines  formed  by  the  juxtaposition  of  the 
enlarged  ends  of  the  muscle-rods ;  these  consequentiy  are  singly 
refracting  (isotropous),  and  so,  in  all  probability,  are  the  shafts  of  the 
muscle-rods ;  they  do  not,  however,  stand  out  as  black  streaks,  since 
they  are  surrounded  by  doubly  refracting  (anisotropous)  ground- 
substance,  and  are  illuminated  by  the  light  which  has  previously 
traversed  this.  In  the  same  way  it  may  readily  be  understood  why, 
in  the  resting  muscle  also,  the  rods,  although  isotropous,  do  not  appear 
as  such.  The  conclusion,  then,  that  the  author  arrives  at  on  this  point  is 
that  the  whole  of  the  muscular  fibre  is  anisotropous,  with  the  exception 
^      of  the  muscle-rods. 
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Yariomi  obeerrers  are  then  quoted  in  support  of  the  accuracy  of  the 
description  given ;  and  the  probability  is  pointed  out,  and  supported  by 
an  obserration  of  Prof.  Briicke,  that  in  all  cases  in  which  alternating 
diaks  of  isotropous  and  anisotropous  substances  are  observed,  the 
moscolar  fibre  is  in  a  state  of  contraction  (although  not  necessarily 
Bliartened) — that  is  to  say  that  the  anisotropous  substance  has  become 
acenmolated  between  the  shafts  of  the  rods,  the  isotropous  disks  being 
dae  to  the  rod-heads,  between  which  there  is  no  perceptible  amount  of 
aniaotropoiis  substance  left  remaining. 

The  author  concludes  the  paper  by  offering  a  conjecture  as  to  the 
nature  of  the  substances  which,  according  to  his  description,  ccmpose 
the  proper  substance  of  muscle,  and  as  to  the  probable  mode  in  which 
tiie  contraction  is  effected.  He  is  inclined  to  regard  the  intermediate 
ground-aubetance  as  the  true  contractile  part,  and  thinks  that  it  may  be 
allied  in  nature  to  ordinary  protoplasm,  the  rods,  on  the  other  hand, 
being  elastic  structures,  and  merely  serving  to  restore  the  fibre  to  its 
original  length. 


n. 
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Note  on  the  Synthesis  of  Marsh-gas  and  Formic  Acid^  and  on 
the  Electric  Decomposition  of  Carbonic  Oxide/'  By  Sir  B.  C. 
Brodie^  Bart.^  D.C.L.,  F.R.S.,  late  Waynflete  Professor  of 
Chemistry  in  the  University  of  Oxford.  Received  April  3*, 
1878. 


In  connexion  with  the  investigation  on  the  electric  decomposition  of 
carbonio-add  gas  referred  to  in  a  previous  communication  to  the  Society, 
I  was  led  to  submit  a  mixture  of  hydrogen  and  carbonic-oxide  gas  to  the 
action  of  electricity  in  the  induction-tube,  the  mixed  gases  being  circu- 
lated through  the  tube  by  means  of  an  apparatus  which  I  will  not  now 
describe.  A  contraction  was  soon  observed  to  have  taken  place,  which  at 
the  end  of  an  hour  amounted  to  10  cub.  centims.  The  rate  of  contrac- 
tion steadily  diminished,  and  during  the  fifth  hour  of  the  duration  of  the 
experiment  amounted  to  only  2  cub.  centims.  The  experiment  was 
stopped,  and  the  gas  analyased  with  the  following  results  in  two  several 
analyses: — 


Carbonic  oxide 61*65 

Hydrogen 32-16 

Marsh-gas 6*14 

100*00 


n. 

Carbonic  oxide 61*35 

Hydrogen 32*34 

Marsh-gas    6*31 

100*00 


A  small  quantity  (about  2  per  cent.)  of  nitrogen  was  also  contained  in 

*  Beoeived  in  nearly  the  same  form  Karch  27. 
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the  gas,  togeth^  with  a  trace  of  oxygen,  wliich  have  been  omitted  from 
the  calculation. 

The  result  of  this  reaction  is  expressed  in  the  following  equation : — 

C0+3H,=CH,+H,0. 

This  fundamental  experiment,  which  constitutes  the  basis  of  a  new 
method  of  chemical  synthesis,  susceptible  of  the  most  varied  applica- 
tions, and  of  peculiar  interest  in  reference  to  the  explication  of  natural 
phenomena,  was  commenced  by  me  on  the  10th  of  January  last  at  Oxford, 
in  the  laboratory  of  my  friend  and  successor  in  the  Chair  of  Chemistry, 
Professor  Odling ;  and  two  analyses  of  the  gas  were  completed,  and  the 
results  attained  in  the  course  of  a  week  from  that  date. 

In  a  similar  experiment  made  with  a  mixture  of  hydrogen  and  carbonic- 
add  gas,  a  contraction  also  occurred,  attended  with  the  formation  of 
water.  The  gas  which  resulted  from  the  experiment  was  found  to  con- 
sist (after  the  absorption  of  carbonic  add)  of  hydrogen  and  carbonic  oxide, 
together  with  a  little  marsh-gas.  Traces  of  oxygen  and  nitrogen  were 
also  present.  Minute  drops,  too,  of  an  oily  liquid  appeared  in  the  tube. 
This  liquid,  after  the  conclusion  of  the  experiment,  was  dissolved  in  a 
small  quantity  of  water.  The  solution  was  strongly  add  and  had  a 
pungent  taste.  It  reduced  an  alkaline  solution  of  terchloride  of  gold  and 
an  ammoniacal  solution  of  nitrate  of  silver.  These  reactions  are  the 
characteristic  properties  of  formic  add,  of  which  we  may  infer  the  syn- 
thesis to  have  been  effected  according  to  the  equation 

Ha+CO,=H,CO,. 

I  may  avail  myself  of  the  present  opportunity  to  place  on  record  the 
following  important  facts  in  reference  to  the  action  of  electridty  on  car- 
bonic-oxide gas. 

When  pure  and  dry  carbonic  oxide  is  circulated  through  the  induction- 
tube,  and  there  submitted  to  the  action  of  electridty,  a  decomposition  of 
the  gas  occurs,  attended  with  a  gradual  and  regular  contraction,  which,  in 
the  form  assumed  in  my  experiments,  occurred  at  the  regular  rate  of 
about  5  cub.  centims.  in  an  hour.  Carbonic  add  is  formed,  and  simul- 
taneously with  its  formation  a  solid  deposit  may  be  observed  in  the 
induction-tube.  This  deposit  appears  as  a  transparent  film  of  a  red- 
brown  colour,  lining  the  walls  of  the  tube.  It  is  perfectly  soluble  in 
water,  which  is  strongly  coloured  by  it.  The.  solution  has  an  intensely 
add  reaction. 

The  solid  deposit  in  the  tube,  in  the  dry  condition  before  it  has  been 
in  contact  with  water,  is  an  oxide  of  carbon.  Samples,  however,  made  in 
different  experiments  do  not  present  precisely  the  same  composition ;  but 
nevertheless  they  appear  to  belong  to  a  certain  limited  number  of  forms 
which  repeatedly  occur,  and  may  invariably  be  referred  to  the  same  general 
order  or  system.    This  system  is,  or  appears  to  be,  what  I  may  term  an 
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homologons  series  of  "  ozycarbons,''  of  which  the  unit  of  cari)on  with  the 
weight  12  may  be  regarded  as  the  first  term,  and  of  which  the  adjacent 
terms  differ  by  an  increment  of  carbonic  oxide  (CO)  weighing  28,  pre- 
cisely as  homologous  series  of  hydrocarbons  differ  by  the  increment  CH, 
with  the  weight  14."-  I  have  succeeded  in  identifying  by  analysis  two  at 
least  of  these  substances,  namely  the  adjacent  terms  C^O,  and  C^O^. 
From  this  point  of  view  these  peculiar  bodies  are  members  of  a  series  of 
oxycarbons  analogous  in  the  oxycarbon  system  to  the  series  of  hydro- 
carbons of  which  the  unit  of  carbon  is  the  first  and  the  unit  of  acetylene 
C,^  is  the  second  term,  the  oxycarbon  C^O,  being  represented  in  that 
series  by  the  hydrocarbon  crotonylene  C^H,,  and  the  oxycarbon  C,0^  by 
the  hydrocarbon  valerylene  C,H^. 


III.  *'0n  an  Air-Battery/'    By  J.  H.  Gladstone,  Ph.D.,  F.R.S., 
and  Alfred  Tribe,  F.C.S.     Received  March  6,  1873. 

^rhe  galvanic  battery  which  we  are  about  to  describe  is  founded  on  a 
reaction  that  we  brought  under  the  notice  of  the  Eoyal  Society  last 
spring*.  We  then  showed  that  if  pieces  of  copper  and  silver  in  contact 
are  immersed  in  a  solution  of  nitrate  of  copper  in  the  presence  of 
oxygen,  a  decomposition  of  the  salt  ensues,  with  the  formation  of 
cuprous  oxide  on  the  silver  and  a  corresponding  solution  of  the  copper, 
while  a  galvanic  current  passes  through  the  liquid  from  copper  to  sUver. 
We  stated,  moreover,  that  this  was  no  isolated  phenomenon,  but  only 
one  of  a  large  class  of  similar  reactions.  It  seemed  desirable  to 
examine  more  fully  the  history  and  the  capabilities  of  the  electrical 
power  thus  produced. 

It  was  previously  ascertained  that  the   combination   of  the  oxygen 
takes  place  only  in  the  neighbourhood  of  the  silver ;  and  the  following 
formuls  may  serve  to  render  the  chemical  change   and  transference 
more  intelligible : — 
Before  contact, 

wiAg + O  -h  Cu2N0, + Cu2N0, + nCu ; 
after  contact, 

wAg+Cu,0+Cu2NO,+Cu2N03+(n-2)  Cu. 

This  action  is  evidently  a  continuous  one  until  either  the  oxygen  or  the 
copper  fails. 

Now  the  oxygen  of  the  atmosphere  is  practically  unlimited  in  amount, 
but  there  is  a  difficulty  in  bringing  any  large  quantity  of  it  into  contact 
at  once  with  the  silver  and  the  dissolved  salt. 

To  facilitate  this,  we  arrange  that  the  silver  plate  should  have  a 
horizontal  position  just  under  the  surface  of  the  liquid  in  the  cell ;  and, 

•  Proc.  Boy.  Soc.,  April  1872,  vol.  xx.  p.  290. 
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in  &ct,  we  ctrnvert  it  into  »  bduU  aUver  tray  foil  ot  crystab  of  the  Buna 
metal  which  rise  in  projections  to  the  tctj  enrfaoe.  The  copper  pl&te 
lies  horizontally  under  it,  separated,  if  need  be,  by  a  piece  <^  muslin,  and 
oonnexion  is  made  by  a  wire  as  usual.  The  vertical  part  of  tiie  copper 
plate,  from  a  little  above  the  liquid  to  the  bend,  should  be  varnished ; 
otherwise  solution  principally  takes  place  there,  which  causes  the 
hmisontal  part  of  the  plate  to  drop  off.  Holes  are  made  in  the  silver 
tray  with  the  view  of  shortening  the  communication  between  the  air- 
Burfaca  and  the  copper  plate  and  of  facilitating  the  movements  of  the 
salt  in  solution.  The  solution  itself  may  be  contained  in  a  shallow 
trough  or  saucer,  and  the  whole  arrangement  will  be  somewhat  as  in  the 
sectional  view  here  given : — 


That  dissolved  oxygen  is  absolutely  necessary  for  this  chemical  change 
has  been  already  shown ;  but  it  was  interesting  to  measure  by  a  galva- 
nometer the  difierence  of  the  currents  obtained  by  means  of  an  ordinary, 
that  is  aerated,  solution  of  copper  nitrate,  and  one  from  which  the  air  had 
been  separated  to  the  greatest  possible  extent,  A  Thomson's  galvano- 
meter was  employed,  which  had  a  resistance  of  2631-5  units  at  IS'S  0. 
Two  cells  were  prepared  with  vertical  plates  and  alike  in  all  respects, 
except  that  the  one  contained  an  ordinary  6  per  cent,  solution  of  copper 
nitrate,  and  the  other  a  similar  solution  which  had  been  deoxygeniied  by 
the  means  described  in  our  former  paper.  Another  experiment  was 
made  with  adl&rent  pair  of  cells  and  an  11  per  cent,  solution.  It 
was  necessary  to  use  the  1-dO  shunt ;  and  the  following  were  the 
amounts  of  deflection :— 
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Time  after 
immeSlion. 

Expt.  I. 

Expt.  TT. 

Oxygenized. 

Deoxygenized. 

Oxygenized.  Deoxygenized. 

1  minute. 

4  minutes. 
12      „ 
49      „ 

78 
72 
68 

14 
9 
0 

130 
90 
75 

58 

11 
8 
6 
3-5 

The  contrast  is  evident.  That  the  deoxygenized  solution  does  give  a 
deflection  at  all  is  due  partly  to  the  difficulty  of  excluding  air,  and 
partly,  perhaps,  at  first  to  the  oxygen  condensed  on  the  surface  of  the 
Bilver  plate.    The  effect  due  to  the  wat^r  itself  is  inappreciable. 

From  the  nature  of  the  reaction  it  might  be  expected  that  the  current 
would  gradually  diminish  on  account  of  the  using  up  of  the  dissolved 
oxygen  in  the  neighbourhood  of  the  silver ;  such  a  diminution  always 
does  take  place,  at  least  after  the  first  few  vibrations  of  the  needle. 

It  might  be  expected,  too,  that  when  the  amount  of  action  has  run  down 
considerably,  the  mere  moving  of  the  liquid  so  as  to  bring  fresh  parts  of 
the  solution  against  the  silver  would  augment  the  currents.    It  does  so. 

The  same  might  be  predicted  from  stirring  up  the  crystals  of  silver  in 
the  tray  so  as  to  expose  new  surfaces.  This  also  was  found  to  be  the  case. 

And,  again,  it  might  be  anticipated  that  if  the  wire  were  disconnected 
for  a  time  so  as  to  allow  the  oxygen  to  diffuse  itself  from  other  parts  of 
the  solution,  and  the  connexion  were  made,  the  current  would  be  found 
as  strong,  or  nearly  so,  as  before.    That  also  is  true  in  fact. 

A  cell  with  the  plates  connected  by  a  ^Wre  was  placed  under  a  bell-jar 
full  of  air  over  mercury.  The  mercury  gradually  rose  inside,  as  might 
be  expected  from  the  absorption  of  the  oxygen  in  the  air. 

The  necessity  of  oxygen  and  the  a^-idity  with  which  it  is  taken  up  are 
both  illustrated  by  the  following  experiment : — Two  cells  with  horizontal 
plates  were  prepared  alike  in  every  respect,  except  that  the  first  was 
filled  with  a  solution  simply  deprived  of  oxygen,  the  second  'with  a 
solution  through  which  a  stream  of  carbonic-acid  gas  had  been  passed 
for  some  time.  The  first  was  placed  in  the  air,  the  second  in  a  vessel 
from  which  the  air  had  been  expelled  by  allowing  carbonic-acid  gas  to 
flow  into  it  for  an  hour  or  two. 

The  deflections  obtained  were  as  follows,  the  1-999  shunt  being  used 
and  the  temperature  being  13®-7  C : — 
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Time  after  immersion. 

In  air. 

In  00,. 

1  minute. 
5  minutes. 
10       „ 

165 
135 
135 

76 
62 

68 

As  the  cell  in  an  atmosphere  of  carbonic-acid  gas  showed  considerable 
action,  in  fact  nearly  half  as  much  as  that  in  the  air,  each  cell  was  short 
circuited  for  23  hours,  with  the  expectation  that  any  oxygen  in  the 
closed  vessel  would  be  used  up ;  and,  indeed,  the  most  prominent  crystals 
of  silver  in  the  cell  in  carbonic-acid  gas  became  reddened,  while  a  cuprous 
deposit  extended  over  the  whole  of  the  crystals  in  the  other  cell.  When, 
however,  the  short  wires  were  removed  and  the  galvanometer  interposed, 
the  cell  in  the  air  gave  a  deflection  of  136,  practically  the  same  as 
before,  but  that  in  carbonic-add  gas,  instead  of  showing  a  great  decrease, 
rose  to  80.  It  was  then  found  that  the  vessel  containing  the  latter 
slowly  admitted  air ;  so  the  contents  were  swept  out  by  a  &esh  stream 
of  carbonic-acid  gas,  and  it  was  made  properly  air-tight.  After  connexion 
by  a  short  wire  for  3  days  the  galvanometer  indicated  a  deflection  of  20, 
that  of  the  cell  in  the  air  being  110,  temperature  10°  0.  As  this  showed 
a  very  great  reduction  of  the  chemical  action,  carbonic-acid  gas  was 
again  passed  through  the  vessel  for  an  hour  or  t^^'o;  and  after  a 
connexion  of  two  more  days  the  indication  of  the  galvanometer  was 
oply  3,  while  the  other  cell  gave  115,  the  temperature  being  now  10°'5  0. 
The  action,  therefore,  was  at  last  reduced  almost  to  nothing ;  and  the 
original  fault  in  the  experiment  brought  out,  perhaps  more  clearly  than 
would  otherwise  bo  seen,  how  eagerly  the  solution  will  absorb  even 
minute  quantities  of  oxygen  from  the  surrounding  gas. 

An  important  point  to  determine  was  the  best  strength  of  the  copper 
nitrate  solution.  Six  per  cent,  was  generally  preferred,  for  two  reasons : — 
first,  it  gives  about  the  maximum  of  efEect — a  solution  four  times  as 
strong  gives  less  than  haH  the  deflection,  and  a  solution  only  a  quarter 
as  strong  gives  only  two  thirds ;  secondly,  a  stronger  solution  than  this 
6  per  cent,  is  apt  to  produce  a  deposit,  not  of  pure  cuprous  oxide,  but  of 
a  subnitrate,  which  was  supposed  to  clog  up  the  silver  crystals  to  a 
greater  extent. 

Another  point  investigated  was  the  best  proportion  between  the  areas 
of  the  metallic  surfaces.  Experiments  were  made  with  vertical  plates, 
in  which  the  silver  was  kept  at  a  uniform  size  and  the  copper  was 
diminished  by  covering  it  more  and  more  with  varnish ;  and  another  set 
was  made  in  which  the  copper  remained  the  same,  while  the  silver  plat^ 
was  reduced. 
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The  VMults  maj  be  thus  exhibited :— 


Proporhon 

of  8ur&ces. 

Deflection. 

Silver. 

Copper. 

Expt.  I. 

Expt.  n. 

Expt.  in. 

0-25 

24 

23 

•  • 

0-5 

28 

27 

•  • 

0-75 

31 

30 

•  • 

1-0 

33 

82 

28 

1-33 

•  • 

•  • 

28 

20 

•  • 

•  • 

32 

4-0 

•  • 

•  • 

30 

The  increase  of  the  copper  surface,  therefore,  has  comparatively 
little  effect. 


Proportion  of  surfaces. 

Deflection. 

Copper. 

Silver. 

Expt.  I. 

Expt.  U. 

Expt.  in. 

0-25 

t  • 

•  • 

7-5 

0-5 

•  • 

•  t 

16 

0-75 

•   • 

t  • 

21 

1-0 

33 

32 

28 

1-33 

41 

40 

•  • 

2-0 

56 

54 

•  « 

40 

y6 

92 

•  • 

The  increase,  therefore,  of  the  silver  or  negative  metal  causes  an 
almost  proportionate  iacreaso  in  the  chemical  action.  This,  doubtless, 
arises  from  the  necessity  of  oxygen,  and  explains  the  value  of  the  large 
Bur&ce  exposed  by  the  silver  crystals  in  the  tray. 

The  effect  of  heat  on  the  action  of  this  cell  M-as  examined;  it 
increases  the  action  greatly :  thus  an  arrangement  which  gave  a  deflec- 
tion of  40  at  2(f  C.  gave  one  of  250  at  50^  C. ;  and  the  augmentation  was 
observed  to  be  much  more  rapid  in  the  higher  than  in  the  lo^^er  portions 
of  this  range  of  temperature. 

If  the  formula  given  above  for  the  reaction  be  a  true  one,  it  follows 
that  every  atom  of  copper  deposited  on  the  silver  in  the  state  of  suboxide 
Inust  be  compensated  by  an  atom  of  copper  dissolved  from  the  copper 
plate.  This  was  proved  quantitatively.  In  a  cell  that  had  been  in 
iM^tion  for  a  week  the  loss  of  the  copper  plate  was  0*391  grm.,  while 
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the  suboxide  deposited  on  the  silver  was  found  to  be  equivalent  to 
0*398  grm.  of  meta&ic  copper.  This  deposit  of  suboxide,  though  it  soon 
forms  apparently  a  complete  covering  to  the  silver,  does  not  greatly 
diminish  the  action ;  it  is  probably  porous,  besides  being  itself  a  conductor 
of  electricity.  In  some  cases  we  have  found  it  deposited  in  crystals 
sufficiently  large  to  be  seen  by  the  naked  eye,  and  which  are  shown  by  a 
magnifying-glass  to  be  regular  octahcdra. 

The  internal  resbtance  of  this  battery,  as  might  be  expected,  is  small. 

The  electrolytic  power  of  the  current  was  examined.  One  cell,  the 
plates  of  which  were  about  two  inches  in  diameter,  was  found  sufficient 
to  decompose  such  metallic  salts  as  the  nitrates  of  copper,  silver,  or  lead, 
copper  sulphate  or  stannous  chloride,  in  aqueous  solution,  when  platinum 
was  used  for  the  negative  electrode,  and  for  the  positive  the  same  metal 
as  existed  in  the  salt  experimented  on.  Six  cells  were  sufficient  to 
decompose  dilute  sulphuric  add  slowly  and  dilute  hydrodoric  acid  pretty 
quickly,  copper  electrodes  being  employed. 

The  theoretical  interest  of  this  battery  lies  mainly  in  the  fact  that  it 
differs  essentially  from  every  other  galvanic  arrangement,  inasmuch  as 
the  binary  compound  in  solution  is  incapable  of  being  decomposed  either 
by  the  positive  metal  alone  or  by  the  two  metals  in  conjunction ;  it 
cannot  serve,  in  fact,  as  the  liquid  element  of  the  circuit  \^thout  the 
presence  of  another  body  ready  to  combine  with  one  of  its  constituents 
when  sot  free. 

Grove's  gas-battery  is  essentially  different  from  ours  if  the  oxygen 
and  hydrogen  condensed  on  the  platinum  plates  play  the  part  of  the  two 
metals ;  but  it  closely  resembles  ours  if  hydrogen  acts  the  part  of  the 
positive  and  platinum  that  of  the  negative  metal ;  the  dilute  sulphuric 
add,  a  hydrogen  compound,  will  then  be  decomposed  on  account  of  the 
simultaneous  presence  of  the  oxygen,  which  can  combine  with  the 
liberated  hydrogen.  Viewed  in  this  manner  Grove's  gas-battery  is  only 
a  special  case  of  the  general  reaction  which  we  have  described  in  our 
previous  paper ;  and  the  formula  will  be : — 

Before  contact, 

mPt+0+ir,SO,+nH; 
after  contact, 

wiPt+H,  0+H,  S0,t(w-2)H. 

The  practical  interest  of  our  arrangement  lies  in  the  fact  that  it  is 
an  approximation  towards  a  constant  air-battery.  Should  it  ever  come 
into  use  elsewhere  than  on  the  lecture-table,  it  will  probably  be  in  the 
form  of  a  combination  of  dnc  and  copper,  with  an  aerated  solution 
of  zinc  chloride ;  for  that  arrangement  has  an  electromotive  force  six 
times  that  of  the  arrangement  we  have  more  particularly  studied,  and 
about  three  quarters  that  of  a  Daniell's  cell.  The  numbers  representing 
the  difference  of  potential  between  the  two  metals,  which  were  actually 
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obfcained   by   means    of   an   electrometer  belonging   to    Sir    William 
Thomson,  were : — 

Silver  and  copper  with  deoxygenizcd  copper  nitrato  4 

Ditto  „     oxygenized  ditto  8  to  11 

Copper  and  sine  with  chloride  of  zinc G2 

Ditto  „    water C8 

Ditto  „    DanieU's  cell 83 

Chloride  of  zinc  is  preferred  to  the  sulphate,  as  it  ofEers  less  internal 
resistance,  and  a  solution  of  20  per  cent,  is  recommended  as  about  the 
best  conductor*.  A  single  cell  of  this  description  is  capable  of  decom- 
posing dilute  sulphuric  or  hydrochloric  acid,  when  copper  electrodes  are 
employed.  The  two  metals  might  be  arranged  as  in  a  DanielFs  battery ; 
the  zinc  would  of  course  require  no  amalgamation,  and  the  whole  might 
be  left  for  weeks  or  months  without  any  attention.  The  oxide  of  zinc 
produced  generally  falls  to  the  bottom  of  the  vessel,  and  may  be 
separated  whenever  it  is  thought  desirable. 

The  power  is  thus  obtained  at  a  minimum  of  expense,  for  the  oxygen 
which  combines  with  the  zinc  costs  nothing.  Such  a  battery  would 
appear  to  be  specially  adapted  to  cases  where 'the  galvanic  current  has 
to  be  frequently  broken,  as  in  telegraphy ;  for  at  each  period  of  rest  it 
renews  its  strength  by  the  absorption  or  diffusion  of  more  oxygen  from 
the  air. 

The  Society  then  adjourned  over  the  Easter  Becess,  to  Thursday, 
April  24th. 
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April  24,  1873. 
Sir  GEORGE  BIDDELL  AIRY,  K.C.B.,  President,  in,  the  Chair. 

The  following  communications  were  read : — 

I.  "On  the  Durability  and  Preservation  of  Iron  Ships,  and  on 
Riveted  Joints.^'  By  Sir  William  Fairbal&n,  Bart.,  F.R.S. 
Received  March  6, 1873. 

(Abstract.) 

The  disaster  which  happened  to  the  *  Megaera '  is  first  discussed,  as 
showing  the  need  of  constant  inspection  of  iron  structures.  That  vessel 
was  buDt  by  the  author  of  the  paper  in  1849,  and»  in  his  opinion,  would 
have  been  perfectly  sound  at  the  present  time  if  her  interior  had  been 
freely  open  to  inspection,  and  if  such  inspection  had  been  regularly 
carried  out.    Some  years  ago  an  alarming  report  was  circulated  as  to  the 
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corrosion  of  the  Memd  Bridge.  The  author  on  that  occasion  visited  the 
bridge,  and  found  that  no  corrosion  had  taken  pkce,  careful  attention  to 
proper  means  of  prevention  having  been  sufficient  to  preserve  the  struc- 
ture. The  proved  value  of  periodical  inspections  in  the  case  of  steam- 
boilers  is  then  alluded  to,  and  the  author  urges  the  importance  of  similar 
inspections  of  iron  ships  by  the  Admiralty  and  by  private  shipowners. 

As  respects  riveted  joints,  the  author  first  discusses  the  relative  merits 
of  machine-  and  hand-riveting,  and  points  out  that  in  machine-riveting 
there  is  much  greater  security  that  the  rivets  properly  fill  the  rivet-holes. 
The  rate  at  which  riveting  can  be  done  is  given  as  16  rivets  per  minute 
with  a  lever  riveting-machine,  10  rivets  per  minute  with  a  steam  rivet- 
ing-machine, and  0*66  rivet  per  minute  when  the  riveting  is  done  by 
hand. 

Experiments  on  Biveted  Joints. 

The  author  alludes,  first,  to  the  series  of  experiments  on  riveted  joints 
which  were  communicated  by  him  to  the  Eoyal  Society  in  1850.  Those 
experiments  showed  that,  taking  the  strength  of  a  solid  plate  at  100,  the 
strength  of  an  equal  width  of  riveted  joint  would  be  70  if  the  joint  were 
double  riveted,  and  56  if  the  joint  were  single  riveted :  in  other  words, 
SO  per  cent,  of  strength  is  lost  in  a  double-riveted  joint,  and  44  per  cent, 
in  a  single-riveted  joint.  Since  that  time  it  has  appeared  to  some 
engineers  that  the  process  of  punching  was  injurious  to  the  plates,  and 
in  many  cases  recourse  has  been  had  to  drilling  to  form  the  rivet-holes. 
On  this  point  the  author  was  of  opinion  that  with  good  iron  no  sensible 
injury  resulted  from  punching  the  rivet-holes  ;  on  the  other  hand,  with 
rigid  and  bad  plates,  the  plate  would  crack  between  the  rivet-holes,  and 
the  plate  would  have  to  be  discarded.  He  regarded  it  as  a  distinct 
advantage  of  the  punching-process  that  it  thus  tested  the  quality  of  the 
iron.  It  had  been  found  in  certain  cases  that  the  rivets  sheared  across 
with  a  less  force  when  in  drilled  than  when  in  punched  holes,  and  this 
had  been  attributed  to  the  sharpness  of  the  edges  of  the  drilled  holes. 
This  point  seemed  to  require  investigation,  and  experiments  to  elucidate 
it  had,  therefore,  been  made,  the  results  of  which  are  narrated  in  the 
paper.  The  theory  that  the  sharp  edges  of  drilled  holes  induced  a 
cutting  action,  which  diminished  the  strength  of  the  rivets,  had  suggested 
to  Colonel  Inglis,  B.E.,  to  try  whether  a  greater  resistance  in  the  joint 
could  be  obtained  by  purposely  rounding  the  edges  of  the  rivet-holes. 
Some  experiments  had  been  made  for  Colonel  Inglis  by  Mr.  Eirkaldy, 
from  which  it  appeared  that  the  resistance  of  the  rivet  was  increased  10 
per  cent,  by  this  rounding  of  the  edges  of  the  rivet-holes.  The  author 
has  also  experimented  on  this  point,  and  the  results  of  his  experiments 
are  given  in  the  paper. 

A  series  of  tables  of  experiments  are  then  given,  each  result  being 
fully  discussed.  The  following  Table  is  a  summary  of  results  obtained 
by  the  author. 
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ExpCTimrata  ca  the  Ultimate  BeBiatance  of  Biveti  to  Shearuig. 
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The  general  ctmclusioiiB  drawn  by  the  author  from  his  experimenta  an 
aa  follows : — 

(1)  JoinU  viith  drilled  hoUt  art  weaker  and  eVmgaU  leu  before  fratiure 
Aon  jointt  viHh  puwAed  holee.  The  average  of  four  experitnents  on 
jwits  with  drilled  holes,  compared  with  the  arerage  of  four  experimenta 
on  jcaiits  with  punched  holes,  shows  that  the  rivets  In  the  former  are 
1-36  ton  per  square  inch,  or  6^  per  cent.,  weaker  than  the  rivets  in  the 
latter.  The  elongation  is  also  26  per  cent,  less  with  drilled  than  with 
ptmcbed  holes. 

(2)  Hand-^vtted  joints  are  tomaohat  stronger  than  madUne^veted  joints. 
^The  mean  of  three  experiments  on  hand-riveted  joints,  compared  with  the 

mean  of  three  experiments  aa  machine-riTet«d  joints,  shows  an  excess  of 
shearing  resistance  in  the  rivets  in  the  hand-riveted  joints  amounting  to 
1*495  ton  per  square  inch,  or  7j  per  cent.  The  hand-riveted  joint  also 
elongates  26  per  cent,  more  than  the  machine-riveted  joint. 

(3)  Thers  it  a  decided  itwrsase  in  (*<  stren(iA  of  tA«  rivet  when  Ifu  tdyes 
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of  the  rivet-holes  are  rounded,  90  as  to  diminish  their  cutting  action.  The 
mean  of  three  experiments  on  joints  with  rounded  holes,  compared  with 
the  mean  of  three  experiments  on  joints  with  unrounded  punched  holes, 
and  with  the  mean  of  three  experiments  on  joints  with  unrounded 
drilled  holes,  gives  the  foUowing  results : — 

Shearing  resiglMioe 
of  rijet 

Bounded  holes 21*517  tons  per  sq.  in. 


Unrounded  holes  /  H"^   ??'SS      " 

Idrilled 19-228       „ 


This  shows  that  the  joint  with  rounded  holes  is,  as  regards  the  resistance 
of  the  rivet,  12  per  cent,  stronger  than  the  joint  with  drills  holes,  but 
only  2^  per  cent,  stronger  than  the  joint  with  punched  holes. 

As  regards  the  apparent  superiority  of  hand-riveting  as  compared 
with  machine-riveting,  the  author  observes  that  this  is  due  to  the  fact 
that  in  hand-riveted  joints  the  rivet  is  slightly  hardened  by  being 
hammered  after  it  is  cold.  In  small  experimental  joints  hand-riveting 
has  therefore  a  slight  advantage  in  strength  ;  but  the  defects  of  hand- 
riveting  are  not  likely  to  be  exhibited  in  experiments  on  a  small  scale. 

The  experiments  seem  conclusive  as  to  the  inferiority  of  joints  with 
drilled  holes ;  and  the  author  reiterates  his  conviction  that  the  force 
used  in  punching  plates  is  a  valuable  practical  test  of  their  quality,  and 
tends  to  prevent  the  use  of  inferior  iron. 

Appendix  I. 

In  this  Appendix  are  given  the  results  of  Colonel  Inglis's  experiments 
on  joints  with  rivet-holes  the  edges  of  which  are  rounded.  These  expe- 
riments agree  with  the  author's  in  most  respects ;  they  show  the  supe- 
riority of  punched  to  drilled  holes,  but  the  difference  of  the  strength  of 
the  rivets  in  Colonel  Inglis's  experiments  is  only  2^  per  cent.  On  the 
other  hand,  in  Colonel  Inglis's  experiments  the  superiority  of  the  joints 
with  rounded  holes  is  much  greater  than  in  the  author's,  amounting  on 
the  average  to  29  per  cent. 

Appendix  IL 

On  the  Theory  of  the  Resistance  of  Biveted  Joints, 

In  this  Appendix  the  ordinary  theory  of  the  resistance  of  riveted 
joints  is  discussed,  and  some  points  in  which  it  is  defective  are  pointed 
out.  It  is  shown  that  a  riveted  joint  may  give  way  either : — (1)  by  the ' 
tearing  of  the  plates  from  the  rivet-hole  to  the  edge  of  the  plates; 
(2)  by  the  tearing  of  the  plates  from  rivet-hole  to  rivet-hole;  (3)  by 
the  shearing  of  the  rivet.  When  the  plate  gives  way  by  tearing  from 
'He  rivet-hole  to  the  edge  of  the  plate,  a  bending  stress  is  induced  in  the 
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part  of  the  plate  in  front  of  the  rivet.    The  amount  of  that  bending 
stress  is  approximately  estimated,  and  a  rule  found  for  the  distance  of 
the  rivet-hole  from  the  edge  of  the  plate.    When  the  plate  gives  way  by 
tearing  from  rivet-hole  to  rivet-hole,  it  is  commonly  assumed  that  the 
stress  on  the  part  of  the  plate  between  the  rivets  is  a  uniformly  distri- 
buted stress.    This  is  shown  to  be  not  strictly  correct,  and  the  want  of 
uniformity  of  stress  will  cause  the  plate  to  give  way  with  a  lower  average 
intensity  of  stress  than  that  which  corresponds  to  the  ultimate  resistance 
of  the  plate  to  tension.    How  much  the  plate  may  be  weakened  by  the 
want  of  uniformity  in  the  distribution  of  the  stress  it  is  impossible  to 
calculate.    Probably  the  loss  of  strength  due  to  this  cause  is  in  ductile 
plates  very  small ;  but  it  is  pointed  out  that  this  weakening  may  account, 
at  least  in  part,  for  the  apparent  loss  of  strength  of  the  plates  at  joints 
as  compared  with  the  same  plates  broken  in  an  unperforated  condition. 
This  loss  of  strength  has  been  hitherto  ascribed  entirely  to  injury  done  to 
the  plate  in  the  punching-process.    When  the  rivet  gives  way  by  shear- 
ing, the  stress  on  the  section  is  also  not  uniform.    In  consequence  of 
the  great  deformation  of  the  rivet  before  fracture,  it  is  subjected  to  bend- 
ing as  well  as  shearing  action.    The  friction  between  the  plates  induced 
by  the  contraction  of  the  rivets  in  cooling  has  been  supposed  sometimes 
to  add  to  the  apparent  resistance  of  the  rivet  to  shearing.    It  is  shown 
d&at  a  considerable  displacement  of  the  plates  takes  place  before  ultimate 
fracture,  and  that  the  deformation  of  the  rivets  is  so  great  that  it  can 
hardly  be  supposed  that  they  exert  any  tension,  holding  the  plates 
together  at  the  moment  of  fracture.    The  friction  should  therefore  be 
entirely  neglected  in  estimating  the  ultimate  resistance  of  riveted  joints ; 
and  tins,  indeed,  has  been  done  by  most  English  writers. 

The  question  of  the  resistance  to  deformation  is  then  discussed,  and  a 
limit  fi^ed  for  the  safe  intensity  of  the  pressure  on  the  bearing  surface 
of  the  rivet. 

The  practical  considerations  affecting  the  diameter  of  the  rivet  are  then 
stated ;  and  joining  these  to  the  considerations  given  above,  a  series  of 
rules  for  proportioning  riveted  joints  are  drawn  up,  and  some  Tables  of 
the  proportions  of  rivets  and  joints  are  given. 


II.  "  On  the  Employment  of  Meteorological  Statistics  in  deter- 
mining the  best  Course  for  a  Ship  whose  Sailing  Qualities  are 
known.*'  By  Francis  Galton,  F.R.S.  Received  March  13, 
1878. 

If  we  desire  to  estimate  which  of  two  alternative  passages  between 
the  same  ports  would  be  performed  most  quickly  on  the  average  of  many 
voyages,  no  knowledge  can  be  more  inmiediately  useful  than  that  of  the 
distance  which  the  ship  could  accomplish  at  various  points  of  the  routes- 
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in  a  unit  of  time.  The  intention  of  the  present  memoir  is  to  show  how 
tiiis  desideratum  may  be  most  readily  obtained,  and  the  precise  method 
by  which,  when  it  has  been  obtained,  it  should  be  turned  to  account.  It 
should  be  added  that  in  the  earlier  part  of  it  I  am  obliged  to  recapitulate 
Tiews  which  I  have  already  published  in  the  Transactions  of  the  British 
Association,  1866  (Transactions  of  Sections),  p.  17. 

Suppose  the  meteorological  statistics  of  some  ocean  district  to  show 
that,  on  the  average,  out  of  every  100  ships  that  visited  it  the  weather 
recorded  in  the  following  Table  was  experienced : — 

Table  I.  Statistics  of  weather. 

30  ships  find  the  wind  N.,  with  an  average  force  of  3 

"O      ««  ««  ««  •^*,  >,  ,,  >,  ^ 

^•>  »  »>  »>  ^ 

Wo 
•>  »  »»  »♦  *• 

calm,       „        „        „  0 

100 


*^Kf 

91 

99 

99 

15 

»> 

99 

19 

10 

» 

99 

9« 

20 

» 

99 

99 

At  first  I  will  suppose  no  current  to  exist.  I  have  grouped  the  winds 
under  the  4  cardinal  points  for  the  sake  of  simplicity  in  explanation ; 
but  it  must  be  recollected  that  in  practice  they  would  be  grouped  under 
at  least  8  points,  and  probably  16. 

Let  the  sailing  qualities  of  the  ship  be  those  specified  in  Table  II., 
in  which  the  figures  have  been  extracted  from  an  elaborate  but,  I  fear, 
only  approximate  schedule  of  the  performances  of  the  standard  ship  of 
meteorologists,  commonly  described  as  the  "  Beaufort  Ship/'    I  have 

Table  n.  Sailing  qualities  of  Ship. 


Force  of 
wind. 

Number  of  miles  made  good  in  one  day's 

saU. 

Number  of  points  at  whioh  the  oourse  of  the  ship  lies  off  the  wind, 

reckoning  to  the  right. 

0  points,  or  wind 
right  ahead. 

8  points,  or  wind 

abeam  (same 

Talue  as 

24  points). 

16  points,  or 
wind  astern. 

24  points,  or 

wind  abeam 

(same  value  as 

8  points). 

1 

2 
3 
4 
5 

5 

10 
24 

38 
62 

12 

38 

89 

139 

230 

12 

34 

79 

125 

202 

12 

38 

89 

139 

230 

protracted  the  data  contained  in  the  original  schedule,  and  formed  from 
them  the  curves  represented  in  the  annexed  diagram  (fig.  1). 
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FWoD  the  materuls  conbuned  in  Tables  I.  uid  II.  we  Imve  to  olca- 

Fig.  1. 


late  the  STerage  distance  towards  each  of  the  4  nurfliniil  points  that  the 
ship  ia  capable  of  accompliahiiig  in  a  day. 

The  ship  that  on  each  of  the  100  occaaione  makes  the  best  of  her  way 
to  the  N,  experiences  the  following  weather.  The  wind  is  right  ahead  of 
her  (^lat  ia,  ia  N.)  on  30  occasions,  with  an  average  force  of  3  ;  therefore, 
under  those  circumstances,  as  we  leom  from  Table  II.,  she  will  sail  an 
aggregate  distance  of  30x24=720  miles.  On  25  occasions  the  wind  ia 
abeam  (K)  of  her,  with  a  force  of  2,  and  she  aula  imder  these  conditions 
25x36—950  miles;  on  15  occasions  it  is  astern  (S.),  with  force  1,  by 
which  she  makea  15x12=180  miles;  and,  lastly,  it  ia  abeam  (W.)  on 
10  occasions,  with  force  2,  contributing  380  miles.  Therefore  the  total 
distance  she  would  soil  in  the  100  voyages,  each  of  one  day's  duration, 
and  in  every  ^ase  to  the  N.,  is  720  +  950  +  180  +  380=2230  miles;  and 
consequently  her  average  daily  performance  to  that  point  of  the  compass 
b  22-30  miles. 

Similar  computations  give  34-40  for  an  E.  course,  37-75  for  a  S.,  and 
36-00  for  tma  to  the  W.  The  form  of  calculation  is  appended  in 
Table  lU. 

If  we  take  a  pcnnt  A,  fig.  2,  and  mark  from 
it  the  distances  we  have  just  obttuned,  and  draw  i 
a  contour,  with  a  free  hand,  enclosing  the  dots, 
we  shall  have  a  figure  such  as  is  represented, 
which  determines  the  performance  of  the  ship 
from  A  to  every  point  of  the  compass.    It  should 
be  borne  in  mind  that,  although  there  must  be 
hach  guess  work  in  drawing  the  curve  under   ' 
the  guidance  of  only  4  dots,  there  will  he  con-   ' 
aiderably  less  chaoce  of  error  when  we  have  8,  and  none  of  appreciable 


Tig.  2. 


266 


Mr.  F.  Oalton  on  Meteorological  Statistics      [Apr.  24, 


amount  when  we  have  16.  In  calculating  to  only  4  points,  we  have,  as  is 
shown  in  Table  III.,  no  more  than  4  lines  and  4  columns,  or  4^= 16  entries. 
If  we  dealt  with  8  points,  the  number  of  entries  would  amount  to  8' =64, 
and  if  with  16,  to  16' b  256  entries ;  but  the  amount  of  labour  involved  in 
such  tedious  computations  need  excite  no  apprehension,  because  I  shall 
show  how  calculation  may  be  entirely  dispensed  with,  and  the  results 
obtained  by  the  aid  of  a  machine  with  remarkable  facility  and  quickness. 

Table  HI. 


Conrse 
of  ship. 

Belatave  frequency  and  force  of  wind. 

Total 
miles  on 

each 
course. 

r 

N. 

30  per  cent. 

Force  3. 

E. 

25per  cent. 

Force  2. 

S. 

15  per  cent. 

Force  1. 

W.      ^ 

10  per  cent. 
Force  2. 

N. 

W  ind  ahead, 
0  point. 

720  miles. 

Abeam, 

8 

950 

Astern, 
16 

180 

Abeam, 
24 

380 

2230 

E. 

Abeam, 
24 

2670 

Ahead, 
0 

250 

Abeam, 
8 

180 

Astern, 
16 

340 

3440 

a 

Astern, 
16 

2370 

Abeam, 
24 

950 

Ahead, 
0 

75 

Abeam, 
8 

380 

3775 

w. 

Abeam, 
8 

2670 

Astern, 
16 

850 

Abeam, 
24 

180 

Ahead, 
0 

100 

3800 

We  have  thus  far  supposed  no  current  to  exist ;  if  there  should  be  a 
current,  the  above  contour  would  be  incorrect  as  regards  the  position  of 
A ;  but  it  would  be  perfectly  correct  in  regard  to  the  position  in  which  a 
float  would  be  found  at  the  end  of  the  day  which  had  been  dropped  in  the 
water  at  the  beginning,  because  the  float  and  the  ship  would  have  drifted 
simultaneously  in  parallel  lines.  If,  then,  A  be  the  point  of  departure 
and  A'  be  the  position  of  the  float  at  the  end  of  the  day,  and  if  we 
draw  a  contour,  as  described  above,  round  A',  it  will  be  true  for  the 
joint  effects  of  winds  and  currents  for  A.  Conversely,  in  order  to  con- 
struct a  contour  for  their  joint  effects  from  A,  we  have  first  to  draw  A  A' 
to  represent  the  drift  of  the  current  in  one  day  from  A,  and  then  to  use 
A'  as  a  point  of  construction  for  a  contour  calculated  upon  the  data  of  the 
winds  alone ;  the  contour  so  drawn  will  be  the  required  figure,  with  A 
for  the  point  of  departure. 
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It  seems  strange  that  so  useful  and  definite  a  conception  as  that  of  the 
contour  we  have  been  considering  should  not  Ipng  since  have  acquired  a 
name.  The  idea  in  its  general  application  is  not  unfamiliar  to  us, 
because  we  are  all  accustomed  to  reflect  how  &r  we  can  travel  in  an 
hour^B  walk,  ride,  or  drive  from  our  house,  in  various  directions,  and  we 
know  that  ihe  distances  in  different  directions  vary  according  to  the  good- 
ness or  straightness  of  the  road.  Nevertheless  our  vocabulary  does  not 
admit  of  an  expression  of  the  idea  upon  which  this  memcnr  is  based,  with- 
out a  tedious  paraphrase  including  references  to  (1)  equal  and  specified 
times,  (2)  direct  geographical  distance,  (3)  universality  of  directions,  and 
(4)  a  bounding  line.  I  therefore  propose  to  employ  the  word  isochrone 
(equality  of  time)  in  a  special  sense  in  this  memoir,  meaning  thereby  all 
that  is  expressed  by  the  contour  just  described,  which  I  should  call  the 
"  isochrone  from  A,"  the  unit  of  measurement  being  understood  to  be  a 
single  day's  sail,  unless  otherwise  specified.  The  isochrone  towards  A  will 
be  the  same  figure  reversed  and  inverted. 

The  lines  of  swiftest  passage  from  one  port  to  another  can  only  be  de- 
termined after  computation  of  the  isochrones  for  a  suflicient  number  of 
ocean  districts  within  the  region  of  inquiry  to  enable  those  at  any  par- 
ticular spot,  or  as  much  of  them  as  is  needed,  to  be  found  by  interpola- 
tion. It  seems  to  me  perfectly  impossible  to  draw  any  portion  of  an 
isochrone,  except  in  a  rudely  approximative  way,  without  previous  com- 
putation. Calculation  to  8  or  16  points  takes  so  long  to  perform,  and  small 
differences  in  the  mean  force  of  the  winds  have  so  large  an  influence, 
that  no  human  brain  is  competent  to  deduce  correct  results  after  a  mere 
inspection  of  the  data.  As  an  example,  I  may  be  allowed  to  mention 
that  I  asked  a  naval  officer  of  unusu^y  lai^e  experience  in  the  construc- 
tion of  weather  charts,  and  who  was  familiar  with  the  sailing  qualities  of 
a  '*  Beaufort  standard  ship,"  to  estimate  portions  of  isochrones  in  certain 
cases ;  and  I  found  the  mean  error  of  his  estimates  to  exceed  15  per  cent. 
The  guesses  of  ordinary  navigators  would  necessarily  be  much  more  wide 
of  the  truth.  Now  we  must  recollect  that  a  very  small  saving  on  the 
average  length  of  voyages  would  amount  to  an  enormous  aggregate  of 
commercial  gain, 'and  that,  where  precision  is  practicable,  we  should  never 
rest  satisfied  with  the  rule  of  thumb.  Our  meteorological  statistics  afford 
the  best  information  attainable  at  the  present  moment,  and  they  exceed 
by  some  hundredfold  the  experiences  of  any  one  navigator ;  their  pro- 
bable errors  may  nevertheless  be  large,  but  that  is  no  reason  for  need- 
lessly associating  them  with  additional  subjects  of  doubt.  The  probable 
error  of  a  navigator's  estimate  of  an  isochrone,  and  consequently  of  the 
data  which  he  must  use,  whether  consciously  or  not,  whenever  he  attempts 
to  calculate  his  best  track,  is  due  at  the  present  time  to  no  less  than  three 
distinct  sets  of  uncertainties  : — a,  the  average  weather ;  5,  the  performance 
of  his  ship  on  different  courses  with  winds  of  different  force  (which  I  under- 
stand to  be  hardly  ever  ascertained  with  much  precision) ;  c,  the  computa- 
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tion  of  the  iBOchrone.  If  A,  B,  and  C  be  the  probable  errors  of  these  three 
rBspectiTely,  then  the  probable  error  of  the  navigator's  estimate  will  be 
^A'+B*+C.  My  desire  is  to  reducie  this  large  item  to  a  simple  A, 
which  may  itself  be  minimized  until  it  ceases  to  be  of  any  practical  in- 
eanTenience.  It  is  no  new  thing  that  statistics  should  require  discussion 
and  elaborate  calculation  before  they  can  be  turned  to  account  and  be 
made  the  f^milUr  basis  of  vast  commercial  undertakings.  Classified  lists 
of  ages  at  death  are  no  more  fitted  to  be  the  immediate  guides  of  those 
who  grant  annuities  or  engage  to  pay  reversions,  than  are  the  crude 
meteorological  statistics  of  the  ocean  to  be  the  immediate  guides  of  the 
BftTigator. 

Ifc  ifl  probable  that  most  vessels  may  practically  admit  of  division  into 
■ome  moderate  number  of  classes,  and  that  it  would  suffice  to  calculate 
iaoohmies  for  each  of  these  classes ;  but  in  any  case  the  number  of  cal- 
enlationfl  must  be  very  large,  because  they  would  differ  not  only  for  the 
dan  of  ship  and  the  particular  destination,  but  also  for  the  season  of  the 
year  when  the  voyage  was  made.  It  is  therefore  important  that  even 
indiviiual  ships  should  be  enabled  to  have  isochrones  drawn  for  their 
aapecial  oae  at  a  trifling  cost.  I  will  now  show  how  this  may  be  effected 
by  mechanical  means. 

The  dra¥nng  I  give  (fig.  3)  is  only  a  diagram  to  explain  the  principle  of 
tiie  machine ;  the  framework  is  left  out,  and  the  proportions  are  somewhat 
fuied  for  the  convenience  of  illustration.  Also,  for  simplicity  of  explana- 
tion, I  have  supposed  the  machine  constructed  to  apply  to  no  more  than 
4pointB  of  the  compass,  and  it  is  represented  as  adjusted  to  work  out  the 
«iample  already  given  in  Table  III. 

A  long  tray,  open  at  the  top  and  almost  wholly  open  along  the  front, 
hfm  8  grooves,  into  which  pieces  of  zinc,  thin  wood,  or  even  stout  card- 
board may  be  dropped,  much  like  the  glass  plates  in  a  photographer's 
box.  In  fig.  3  we  only  see  the  base  of  this  tray,  A  A,  and  the  pieces  of 
mc  standing  upon  it  in  the  position  in  which  they  would  be  held  by  the 
grooves.  The  zinc  plates  have  curved  edges  in  front,  which  refer  to  the 
sailing  qualities  of  the  particular  ship  under  consideration ;  these  are  cut 
oat  from  the  data  in  Table  II.,  each  plate  corresponding  to  the  column 
whose  heading  it  bears.  The  ordinate  of  the  cun-c  is  proportionate  to 
the  force  of  the  wind,  and  the  abscissa  to  the  distance  sailed  in  one  day 
on  the  specified  course  (0,  8,  16,  or  24)  \^ith  that  force  of  wind.  There 
are  grooves  cut  in  A  A,  one  under  each  zinc  plate,  and  there  are  tramwavs, 
T,  upon  which  A  A  may  be  set,  in  gear  with  those  grooves.  In  the  figure 
it  is  so  set  that  0  is  opposite  to  n,  8  to  «,  16  to  5,  and  24  to  uf ;  but  if  it 
were  lifted  up  and  laid  oue  groove  more  to  the  left,  0  (on  the  right  hand) 
would  be  opposite  to  u',  8  to  n,  16  to  «,  and  24  to  $,  Similarly,  by  setting 
it  two  or  three  grooves  to  the  left,  the  other  possible  variations  would  be 
gone  throngh.    The  slides  n,  e,  5,  and  w  refer  to  the  course  of  the  ship 
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shown  in  the  first  column  of  Table  HI.,  and  the  four  different  settings 
correspond  to  the  four  lines  in  the  body  of  that  Table. 

The  slides  n,.«, «,  and  w  move  to  and  fro  parallel  to  the  tramways, 
and  are  each  furnished  with  bars  that  can  be  pushed  vertically  up  and 
down,  and  a  rod  projects  horizontally  from  each  of  the  bars  towards  the 
sdnc  plate  opposite  to  it.  Graduations  referring  to  the  force  of  the  wind 
are  placed  on  the  bars,  which  are  thereby  adjusted  to  come  in  contact  at 
the  proper  levels  with  the  adnc  plates,  and  to  be  pushed  back  through  a 
distance  equal  to  the  length  of  the  abscissas  at  those  levels,  when  A  A  is 
run  forwards  on  its  tramway. 

Thus  far  we  have  obtained  the  result  that  n,  «,  «,  and  w  shall  be  seve- 
rally pushed  back  to  the  distances  which  would  be  sailed  over  in  one  day 
if  the  wind  blew  on  100  occasions  with  specified  forces  from  each  of  those 
quarters,  and  if  the  ship  were  sailing  to  that  quarter  whose  initial  is 
opposite  to  the  zinc  plate  marked  0.  As  A  A  is  adjusted  in  the  figure, 
that  quarter  would  be  N. ;  if  it  were  moved  one  step  to  the  left  it  would 
be  W.,  if  2  steps  it  would  be  S.,  and  if  3  steps  it  would  be  E. 

We  have  now  to  diminish  the  movements  impressed  upon  n,  «,  «,  and 
w  in  the  ratio  of  the  percentage  of  occurrence  of  the  several  winds. 
This  is  effected  by  linking  them  to  another  series  of  slides,  N,  E,  S,  and 
W,  as  shown  in  the  figure,  and  by  attaching  adjustable  centres  to  the  arms, 
there  shown  in  a  vertical  position.  The  standards  to  which  those  centres 
would  be  clamped  are  almost  whoUy  removed  in  the  figure,  but  the  top  and 
bottom  of  them  can  be  seen.  The  reduction  will  be  correct  within  such 
limits  as  we  need,  when  the  links  are  somewhat  longer  than  in  the  figure 
and  the  arm  does  not  swing  through  more  than  40°.  I  therefore  do  not 
care  to  propose  in  this  case  the  somewhat  more  complicated,  but  per- 
fectly accurate  arrangement  which  I  contrived  for  the  parallel  slides  of 
the  pantagraphs  now  in  use  at  the  Meteorological  Office,  of  which  a  de- 
scription is  given  in  the  Report  of  .the  Meteorological  Committee  for 
1870,  p.  30. 

I  place  the  adjustable  centres  between  the  links  in  the  cases  of  N 
and  S,  and  above  them  in  those  of  E  and  W ;  consequently,  when  n,  «,  «, 
and  w  are  all  pushed  back,  N  and  S  will  advance,  and  E  and  W  will 
retreat :  the  reason  for  doing  this  will  be  seen  presently.  In  order  to 
graduate  the  arms  for  the  adjustable  centres,  we  must  take  the  j-^  part 
of  the  distance  between  the  pivots  of  the  links  as  the  unit  of  measure- 
ment, and  measure  in  both  cases  from  the  pivot  of  the  upper  link  as  the 
zero-point.  Then  if  p=the  percentage  to  which  the  movements  are  to 
be  reduced,  the  graduations  for  p  between  the  links  are  determined  by  the 

formula  ,^^  ^  ,  and  when  above  the  links  by  ,,^  ^  . 
100^  p  100— 2> 

The  results  we  have  now  attained  are  that,  when  A  A  is  pushed  forward, 

N,  E,  S,  W  shall  move  alternately  forwards  and  backwards,  each  through 

a  distance  corresponding  to  that  which  a  ship  would  sail  towards  the 
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qoftrter  whose  initial  is  opposite  to  the  zinc  plate  marked  0,  under  the 
aereral  influences  of  the  N.,  E.,  S.,  and  W.  winds  as  thej  are  found  to 
oocor.    What  remains  is  to  sum  up  these  movements. 

I  put  a  puUejy  running  easily  on  its  axis,  upon  each  of  the  upper  slides, 
as  in  the  figure,  and  pass  a  band,  one  of  whose  ends  is  secured  to  a  fixed 
fegy  round  these  puHejs,  alternately  over  and  under  them.  The  free  end 
of  the  band  is  kept  stretched  by  a  light  weight,  and  a  framework,  carry- 
ing a  veriacal  pricker,  is  urged  to  and  fro  by  the  movements  of  the  band. 
A  disk  (D),  upon  which  the  drawing-paper  is  secured,  has  its  centre 
exactly  below  the  pricker  when  the  machine  is  at  zero ;  and  whenever  A 
is  pushed  home,  the  pricker  travels  in  a  radial  distance  to  an  amount 
equal  to  twice  the  sum  of  the  movements  of  the  several  slides,  and  there- 
fore tfarou^  a  distance  proportionate  to  a  day's  sail  of  the  ship  towards 
the  quarter  whose  initial  letter  is  opposite  to  the  zinc  plate  marked  0.  If 
deaiied,  the  numerical  value  of  the  movement  of  the  string  could  of  course 
be  read  off. 

The  manipulation  of  the  instrument  would  be  as  follows : — 
1.  Bemove  A  A.  2.  Push  or  pull  the  slides  n,  «,  «,  w  into  their  mean 
position.  3.  Thrust  a  skewer,  S  S,  through  the  holes  in  the  arms  and 
framework  to  hold  every  thing  fast.  4.  Adjust  the  centres,  and  clamp 
Hiem  if  necessary.  5.  Adjust  the  bars  for  force  of  wind.  6.  Bemove 
the  skewer.  7.  Push  the  slides  n,  e,  s,w  as  far  back  as  they  will  go. 
8.  Beplace  A  A,  and  pull  the  slides  forward  to  it.  The  machine  is  now 
in  working  order,  a.  Push  A  A  home,  h.  Press  the  pricker,  not  for- 
getting to  mark  the  N  point,    c.  Turn  the  disk  through  a  quadrant. 

d.  Pull  back  A  A,  and  set  it  one  step  in  advance  on  the  tramways. 

e.  Pull  the  slides  up  to  it. 

The  series  1  to  8  has  to  be  gone  through  once  for  all  for  each  isochrone ; 
that  from  a  to  €  for  each  of  the  4  points  of  the  compass.  The  whole  of 
these  actions  are  simple  and  rapid,  and  the  adjustments  are  of  the  easiest 
kind.  An  isochrone  based  upon  4  points  ought  to  be  leisurely  plotted  out 
in  2^  minutes,  and  one  based  upon  8  points  in  4  minutes. 

This  step-by-step  arrangement  is  far  easier  of  construction  than  one, 
which  may  suggest  itself  to  many  persons,  in  which  the  movement  should 
be  continuous,  using  a  curved  surface  instead  of  a  set  of  curved  edges,  and 
by  which  the  entire  curve  should  be  drawn  instead  of  a  few  points 
pricked  out ;  also  it  is  &r  more  convenient  and  compact  not  to  arrange 
the  machine  in  a  circular  form,  which  is  that  which  would  most  naturally 
first  be  thought  of. 

When  the  isochrones  have  been  drawn  to  scale  on  a  chart,  isochronic 
lines  at  various  points  along  any  proposed  route  could  readily  be  found  by 
graphical  interpolation.  Thus,  in  fig.  4,  let  the  route  be  from  L  to  M, 
and  let  the  isochrones  round  A  and  B  be  known.  Draw  A  a,  B  5  parallel 
to  L  M,and  join  A  B,  a 6,  cutting  L  M  in  C  and  e;  then  Cc  is  one  day's 
sail  from  C.    We  can  do  more  than  this;  for  we  may  find  the  distance  of 
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a  day's  Bail  from  any  pant  of  L  M  by  the  foUowing  device.    Erect  C  c' 
petpendicolftr  to  L  M,  and  Bqati 

to  be;  Bimilarly,  erect  other  per-  ^g-  ^• 

pendicolaTB  (L  T,  M  m')  from  point«    i 
Ii,  M,  Ac.,  of  which  the  day's  sail 
along   the   ronte    has    been   laid 
down  in  the  same  way  that  Ce 
was,  and  draw  with  a  free  hand  a    | 
line  through  I',  d,  m' ;  then  the  per- 
pendicular distance  X  af  from  any 
point  X  on  the  line  L  M  to  it«  ' 
tersecticm  at  a/  with  the  line  l',  e',  nf 
will  be  the  length  of  a  day's  sail  j 
from  X,  and  it  can  be  transferred  I 
with  a  pair  of  compoSBes  to  find  x  I 
on  the  line  L,  X,  M. 

Another  application  of  the  principle  of  isochrones  is  to  draw  them  at 
distances  of  1,  2,  3,  Ac.  days  for  ships  bound  toward*,  not  from,  a  given 
port.  The  first  day's  isochrone  requires  no  eipUnation.  For  that  <rf  the 
second  day,  a  few  n^ghbouring  pcnnts  must  be  selected  on  the  contour 
already  drawn,  and  from  these  such  small  portions  as  are  needed  of  other 
iaochronea  must  be  constructed ;  the  line  sketched  with  a  free  hand  to 
bound  these  %ures  will  be  the  isochrone  of  two  days'  journey  towards 
the  port,  and  similarly  for  the  third  and  subsequent  days.  The  lines  of 
shortest  passage  from  curve  to  curve  join  the  points  whence  the  sub- 
sidiary isochrones  were  drawn  with  the  points  where  the  latter  are  in 
contact  with  th^  bounding  line.  The  appearance  of  a  chart  so  con- 
structed would  be  that  of  a  series  of  roughly  concentric  curves  round  the 
port  and  of  radial  lines  of  shortest  passage.  I  give  no  illustration  of 
such  a  chart,  because  it  seemed  a  waste  of  labour  to  calculate  one  upon 
the  scanty  data  available  at  the  present  moment,  when  far  more  ample 
and  trustworthy  materials  have 
been  collect«d  and  ore  in  the  course 
of  gradual  publication  by  the  Me- 
teorological Office  J  and  calcula-  | 
tions  would  have  been  necessary, 
because  the  machine  just  described 
exists  only  in  the  form  of  a  rude  \ 
model. 

We  have,  lastly,  to  explain  how 
the  navigator  would  use  one  of  these 
charts  on  specific  occasions.     Sup-  | 
pose  (fig.  S>  he  finds  himself  at  A   [ 
with  iuch  and  such  weather,  present 
nnd  probable,  how  should  he  steer  ?    He  must  use  an  isochrone  appro- 


Fig.  6. 
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priste  to  the  occasion,  most  likely  out  of  a  itock  which  be  would  keep 
ready  to  hand ;  and  applying  it  to  hia  mAp,  be  would  note  the  direction  in 
iritich  it  will  cut  the  largest  nomber  of  isochronea  towards  the  port.  If 
we  take  cases  where  the  isochrones  for  the  occasion  are  (1)  N  MB  and 
(2)WTB,  the  first  being  with  a  N.  and  the  second  with  a  W.  wind, 
then,  if  the  iaochrones  towards  the  port  be  as  in  the  series  it,,  it,,  Ac., 
the  eoorsa  to  be  steered  in  both  instances  is  A  B ;  but  if  they  are  as  in 
the  aeries  t\,  t,,  £c.,  tiie  course  in  case  (1)  will  be  A  N,  and  in  case  (2) 
A  W,  quite  independently  of  the  direction  in  which  the  port  may  happen 
to  lie. 

^lere  is  much  to  say  about  the  proper  method  of  diacuaaing  the  crude 
stalislacs  deiiTed  from  ooem  districts  artificially  bounded  by  lines  of 
latztode  and  longitude  in  order  to  obtain  the  most  probable  meteoro* 
logial  Talues,  but  I  will  only  allude  to  them  here.  First,  homogeneous 
districts  and  periods  of  time  have  to  be  made  out ;  secondly,  the  crude 
obeerrations  in  each  subdivision  of  those  districts  hare  to  be  dis- 
cmsed  in  connexion  with  those  made  at  adjacent  subdivisions  in  the 
same  district ;  and,  thirdly,  they  have  to  be  discussed  in  reference  to 
tiioie  made  in  preceding  and  succeeding  periods  of  time.  There  is  no 
doubt  but  that  labour  spent  in  these  discussions  would  after  a  time 
become  more  remunerative  than  the  same  amount  of  labour  in  accumu- 
lating fresh  observataons. 

Isubmit(flg.6)aBeriesof8-hourisochroneB  computed  to  8  points  from  the 


cmde  obserrationB  taken  in  each  "  2-degree  square  "  of  the  ocean  between 
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10^  north  latitude  and  the  equator,  and  between  20^  and  30^  west  longi- 
tude, in  the  month  of  January.  The  uniformity  of  their  sequence  is  very 
striking ;  and  it  would  no  doubt  have  been  still  more  so  if  the  data  had 
previously  been  discussed  in  the  above-mentioned  manner.  The  short 
line  with  an  arrow-head  shows  the  direction  and  amount  of  current ; 
but  the  centre  of  each  square  is  the  point  of  departure,  for  which  the 
contour  shows  the  joint  effects  of  winds  and  current. 

To  recapitulate.  I  have  shown  in  this  memoir : — 1,  what  isochrones 
are,  and  their  great  importance ;  2,  how  to  calculate  them ;  3,  how  to 
construct  a  machine  to  supersede  their  calculation  and  to  make  it 
possible  to  have  them  drawn  for  special  cases  at  a  trifling  cost ;  4,  how 
to  make  an  isochronal  chart ;  and,  5,  how  to  use  it  on  individual  occasions. 

I  should  be  glad  if  one  result  of  this  memoir  were  to  bring  into  greater 
prominence  than  at  present  the  high  value  of  the  ocean  statistics  collected 
and  now  being  published  by  the  Meteorological  Office,  and  the  fact  that  no 
degree  of  precision  of  meteorological  knowledge  need  be  thrown  away  in 
the  practice  of  navigation.  Such  knowledge  will  be  good  for  all  time,  and 
will  always  afford  the  requisite  data  whence  isochrones  conformable  to 
the  varying  performances  of  new  varieties  of  ships  and  to  new  lines  of 
commerce  may  be  calculated. 

May  1,  1873. 

WILLIAM  SPOTTISWOODE,  M.A.,  Treasurer  and  Vice- 
President,  in  the  Chair. 

In  pursuance  of  the  Statutes,  the  names  of  the  Gmdidates  recom- 
mended for  election  into  the  Society  were  read  from  the  Chair  as 
follows : — 


William  Aitken,  M.D. 

Sir  Alexander  Armstrong,  M.D., 

El.C.S. 
Eobert  Stawell  Ball,  LL  J). 
John  Beddoe,  M.D. 
Frederick  Joseph  Bramwell,  C.E. 
Edward   Elillwick   Calver,  Capt. 

E.N. 
Eobert  Lewis  John  Bllery,  F Jtt  A.S. 


James  Augustus  Grant,  Lieut.-Col., 

C.B. 
Clements  Eobert  Markham,  C.B. 
G^eorge  Edward  Paget,  M.D.,D.C.L. 
Geoi^e  West  Eoyston-Pigott,  M.D. 
Osbert  Salvin,  M.A. 
The  Hon.  John  William  Strutt,  MJL. 
Henry  Woodward,  F.G.S. 
James  Toung,  F.C.S. 


Dr.  Arthur  Gkungee  was  admitted  into  the  Society. 


The  following  communications  were  read : — 
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I.  "  On  the  Condensation  of  a  Mixture  of  Air  and  Steam  upon 
Cold  Surfaces/'  By  Osborne  Reynolds^  M.A.,  Fellow  of 
Queen's  College^  Cambridge^  and  Professor  of  Engineering  in 
tlie  Owens  College^  Manchester.  Communicated  by  Professor 
RoscoB,  P.R.S.     Received  March  22,  1873. 

1.  The  object  of  this  inTestigation  is  to  ascertain  how  far  the  presence 
of  a  small  quantity  of  air  affects  the  power  of  a  cold  surface  to  condense 
steam.  A  priori  it  seemed  probable  that  it  might  retard  condensation  very 
much  ;  for  when  pure  steam  comes  up  to  a  cold  surface  and  is  condensed, 
it  leaves  an  empty  space  which  is  immediately  filled  with  fresh  steam ;  so 

-  that  the  passage  of  the  steam  up  to  the  cold  surface  is  unobstructed, 
and  if  the  surface  could  carry  off  the  heat  fast  enough,  then  the  rate  of 
condensation  would  be  unlimited.  If,  however,  the  steam  is  mixed  with 
air,  then,  as  the  mixture  comes  into  contact  with  the  cold  surface,  the  steam 
will  be  condensed  and  the  air  will  be  left  between  the  fresh  steam  and 
the  cold  surface  ;  so  that  after  condensation  has  commenced  that  surface 
will  be  protected  by  a  stratum  of  air,  and  fresh  steam  will  have  either 
to  displace  this  or  pass  through  it  before  it  in  turn  can  be  condensed. 

2.  This  question,  besides  its  philosophical  interest,  has  important 
practical  bearings  on  the  steam-engine. 

Firgi,  If  the  quantity  of  air  mixed  with  the  steam  affects  the  rate  at 
which  it  condenses,  then  the  ratio  which  the  pressure  of  air  bears  to  the 
pressure  of  steam  in  a  condenser  will  materially  affect  its  efficiency :  this 
is  particularly  important  with  reference  to  the  surface-condenser. 

Secoiid.  If  air  prevents  the  condensation  of  steam,  then  by  sending  air 
into  the  boiler  of  a  highrpressure  engine,  the  condensation  at  the  surface 
of  the  cylinder  will  be  prevented,  which,  if  allowed  to  occur,  becomes 
a  source  of  great  waste  ;  for  when  the  steam  comes  into  a  cold  cylinder 
it  condenses,  heating  the  cylinder  and  leaving  water,  which  will  again  be 
evaporated  as  soon  as  the  steam  escapes ;  and  this,  in  evaporating,  wiU 
cool  the  cylinder.  By  preventing  this,  the  mixing  of  air  with  the  steam 
would  effect  the  same  object  as  the  steam-jacket,  only  in  a  more  efficient 
manner ;  for  the  heat  communicated  to  the  steam  in  the  cylinder  from 
the  jacket  is  not  nearly  so  effective  as  that  which  is  communicated  from 
the  boiler,  in  consequence  of  the  steam  in  the  cylinder  being  at  a  lower 
temperature  than  that  in  the  boiler. 

3.  The  experiments  for  this  investigation  were,  by  the  kind  permission 
of  Pr.  Boscoe,  carried  out  by  Mr.  Pasley,  a  student  in  the  Chemical  Labo- 
ratory of  the  Owens  College  ;  and  I  beg  to  tender  him  my  best  thanks. 

4.  In  making  these  experiments  two  objects  were  particularly  kept 
in  view : — 

First,  To  ascertain  if  there  is  a  great  difference  in  the  rate  of  conden- 
sation of  pure  steam  and  a  mixture  of  steam  and  air — to  ascertain  in  fact 
whether  pure  steam  condenses  at  an  unlimited  speed. 

VOL.  XXI.  2  ▲ 
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Second,  To  ascertain  if  (and  according  to  what  law)  the  effect  of  air  on 
the  condensation  increases  as  the  proportion  of  air  to  steam  increases. 

5.  Of  these  two  undertakings  the  first  is  much  the  most  difficult. 
The  rate  of  condensation  of  pure  steam  is  so  great  that  it  is  practically 
impossible  to  measure  it;  and  to  institute  a  comparison  between  this 
and  the  condensation  of  a  mixture  of  steam  and  air  is  like  comparing  the 
infinite  with  the  finite.  It  is  practically  impossible  to  keep  any  surface 
cold  when  an  unlimited  supply  of  pure  steam  is  condensed  upon  it,  so 
that  under  such  circumstances  the  quantity  of  pure  steam  condensed  is 
limited  by  the  power  of  the  surface  to  carry  off  the  heat.  The  best 
method  of  obtaining  a  qualitative  result  seems  to  be  by  introducing 
sufficient  cold  water  into  a  flask  of  steam  to  condense  it  all,  and  ascertain 
whether  this  condensation  is  effected  suddenly  or  slowly. 

6.  The  presence  of  hot  water  in  the  flask  with  the  steam  very  much 
assists  in  ascertaining  the  rapidity  of  condensation.  When  there  is  no 
hot  water  in  the  flask,  the  condensation  by  the  injected  water  is  only  a 
question  of  time ;  the  gauge  will  come  to  the  same  point  whether  the  con- 
densation is  quick  or  slow,  the  only  difference  being  in  the  speed  at 
which  it  will  rise — a  difference  not  easy  to  appreciate,  especially  when 
the  motion  is  quick.  But  if  hot  water  is  present,  then  as  the  steam  in 
the  flask  is  condensed  it  is  replaced  by  fresh  steam  from  the  w^atcr, 
and  the  interval  between  the  condensation  and  the  consequent  ebullition 
is  the  only  time  allowed  for  the  creation  of  a  vacuum;  the  vacuum 
which  is  attained  in  the  inten'al  will  therefore  depend  on  the  rapidity  of 
condensation.  The  internal  will  be  very  short;  and  the  better  the 
vacuum  the  shorter  it  will  be ;  so  that  unless  the  condensation  is  very 
sudden,  there  wiU  be  but  a  slight  reduction  of  pressure. 

If,  however,  the  condensation  is  really  instantaneous,  a  perfect  vacuum 
may  exist  for  an  instant.  Hence,  when  there  is  water  in  the  flask,  the  rapidity 
of  condensation  is  indicated  by  the  height  to  which  the  gauge  rises,  instead 
of  the  speed  with  which  it  rises ;  and  this  is  much  easier  to  estimate. 

7.  The  apparatus  employed  in  makiug  these  experiments  consisted  of 
a  glass  flask  fitted  with  a  mercurial  vacuum-gauge  and  pipes  for  admitting 
water  and  air,  or  allowing  steam  to  escape. 

The  flask  and  all  the  pipes  were  freed  from  air  by  boiling ;  and  when 
all  the  air  had  been  driven  out  the  pipes  were  closed,  the  lamp  removed, 
and  the  flask  allowed  to  cool  until  the  gauge  showed  a  slight  vacuum ; 
the  water-pipe  was  then  opened  and  a  few  drops  of  water  allowed  to 
enter  and  fall  through  the  flask ;  as  they  did  so  the  mercury  rushed  up 
the  gauge,  and,  by  its  momentum,  above  the  point  for  a  perfect  vacuum, 
showing  that  the  condensation  was  instantaneous.  Immediately  after- 
wards the  gauge  fell  nearly  to  its  starting-point.  Next,  the  flask  was 
allowed  to  cool  and  a  little  air  was  let  in  (about  equal  to  half  an  inch  of 
mercury  in  the  gauge,  or  about  a  sixtieth  of  the  volume  of  the  flask). 
The  lamp  was  then  replaced,  and  the  operation  was  repeated  as  before ; 
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this  time,  however,  as  the  cold  water  entered  the  mercury  did  not  rush 
up  the  gauge,  but  rose  slowly  a  small  distance  and  there  remained. 

8.  This  experiment  shows,  therefore,  that  there  is  a  great  difference  in 
the  rates  at  which  pure  steam  and  steam  with  air  condense  on  a  cold 
surface,  so  great  in  fact  that  the  speed  with  pure  steam  must  be  regarded 
as  nearly  infinite. 

9.  To  compare  the  various  effects  of  different  quantities  of  air,  two 
methods  have  been  used,  which  may  be  described  as  follows : — 

I.  A  surface-condenser  is  formed  within  the  boiler  or  flask,  so  that  the 
steam  may  be  condensed  as  fast  as  it  is  generated.  Then,  when  a  flame 
of  a  certain  size  acts  on  the  boiler,  the  effect  of  the  air  is  to  cause  the 
pressure  of  steam  in  the  flask  to  increase.  This  method  is  founded  on 
the  assumption  that  the  rate  at  which  steam  will  conde<ise  at  a  cold 
surface  is,  casteris  paribus,  proportional  to  its  pressure — an  assumption 
which  is  probably  not  far  from  the  truth. 

n.  With  the  same  apparatus  as  in  method  I.  the  rate  of  condensation 
is  measured  by  the  quantity  of  water  condensed  in  a  given  time,  obtained 
by  counting  the  drops  from  the  condenser,  the  pressure  within  the  flask 
being  kept  constant.  This  method  does  not  involve  any  assumption ;  but 
the  conditions  for  its  being  accurate  are  such  as  cannot  be  obtained ;  for 
not  only  must  the  temperature  of  the  condenser  and  the  temperature  of 
the  steam  remain  constant,  but  the  pressure  of  the  eUam  must  also 
remain  constant,  and  if  the  two  former  conditions  are  fulfiUed  the  latter 
cannot  be  ;  for  the  temperature  of  the  steam  will  be  the  boiling-point  of 
the  water  in  the  flask ;  and  if  this  is  to  remain  constant,  the  pressure  of 
air  and  steam  must  be  constant,  and  therefore,  as  the  pressure  of  the  air  in- 
creases, the  pressure  of  the  steam  must  decrease.  This  variation  of  pressure 
is  not  very  great ;  and  its  effect  may  be  allowed  for  on  the  assimiption  that 
the  condensation  is  proportional  to  the  pressure  of  steam.  This  is  accom- 
plished by  dividing  the  drops  by  the  pressure  of  the  steam. 

These  methods,  neither  of  which,  as  it  appears,  is  rigorous,  seem 
nevertheless  to  be  the  best ;  and  fortunately  the  law  which  the  effect  of 
the  additions  of  air  follows  is  of  such  a  decided  character  as  to  be  easily 
distinguished ;  and  the  two  methods  give  results  which  are  sufficiently 
concordant  for  practical  purposes. 

10.  The  apparatus  employed  in  these  experiments  consisted  of  a  glass 
flask,  in  which  a  surface-condenser  was  formed  of  a  copper  pipe  passing 
in  and  out  through  the  cork.  This  pipe  was  kept  cool  by  a  stream  of 
water,  and  was  so  fixed  that  all  the  condensed  water  dropped  from  it, 
and  the  drops  could  be  counted.  The  flask  was  freed  from  air  by 
boiling;  the  volume  of  air  passed  into  the  flask  could  be  accurately 
measured ;  and  ample  time  was  allowed  for  the  air  in  the  flask  to  produce 
its  effect  before  more  was  admitted. 

For  the  experiments  according  to  method  I.,  the  flame  under  the  flask 
and  the  stream  of  water  through  the  condenser  were  kept  constant  from 
first  to  last.    Por  those  made  according  to  method  11.,  in  one  case  tb 
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stream  of  water  was  kept  constant,  and  in  the  other  it  was  altered,  so 
that  the  effluent  water  was  kept  at  a  constant  temperature. 

11.  The  results  of  these  experiments  are  shown  in  Tables  I.,  II.,  HE. 

The  letters  which  head  the  columns  have  the  foUowing  meanings  : — 

/  stands  for  the  volume  of  the  flask  in  cubic  centimetres. 

a  stands  for  the  volume  of  the  air  at  the  pressure  of  the  atmosphere. 

\  stands  for  the  height  of  the  barometer  in  millimetres  of  mercury  at 
the  time  of  the  experiment. 

%j  stands  for  the  height  of  mercury  in  the  gauge  in  millims. 

t^  stands  for  the  temperature  Centigrade  of  the  effluent  water. 

t^  stands  for  the  temperature  of  ^e  water  in  the  flask,  found  from 
B^gnault's  tables  of  boiling-points. 

Pi^\ — \  stands  for  the  pressure  within  the  flask  in  millims.  of  mercury. 

a  t  +274  ...  • 

p^^=  T+^e        9*7 j^  stands  for  the  pressure  of  the  air  within  the  flask 

corrected  to  i^e  temperature  T,. 
P^^Pi—p^  stands  for  the  pressure  of  the  steam. 

-&  stands  for  the  ratio  of  the  pressure  of  the  air  in  the  flask  to  that  of 

the  steam. 

Table  I. 
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12.  Table  I.  shows  the  result  oi  an  experiment  after  the  first  method, 
daring  which  the  flame  and  condensation  remained  constaat,  whilst  the 
pressure  within  the  flask  increased  with  the  quaatitf  o£  air. 

Table  11.  shows  the  result  of  an  experiment  after  the  second  method, 
in  which  the  pressure  within  the  flask  remained  constuit,  whilst  the  flame 
and  condensation  were  reduced  as  the  air  was  admitted.  In  this  experi- 
ment the  rate  at  which  the  watar  paswd  throa|^  the  condenser  was 
constant  from  flrst  to  last,  and  caa&eqaemiij  Hm  tenqperature  of  the 
effluent  water  varied  with  the  condgnsatioo. 

Table  HI.  shows  the  result  of  an  experimeni,  also  made  according  to 
the  second  method,  but  in  which  the  quantity  of  water  flowing  through 
the  condenser  was  so  varied  that  the  temperature  of  the  effluent  water 
remained  constant. 

13.  Each  of  these  TaUes  shows  the  elEsct  of  air  on  the  condensation  in 
a  very  definite  maimer;  but  the  results  as  given  in  the  column  p^  in 

Table  I.  cannot  be  compared  with  the  — ~  in  Tables  11.  and  III.  as  they 

stand  ;  for  these  show  the  effect  of  the  air  in  a  series  of  inereasing  figures. 
If,  however,  these  figures  show  the  power  of  the  air  to  diminish  conden- 
sation, then  they  will  be  inversely  proportional  to  the  quantity  of  water 
condensed,  t.  e.  what  would  have  been  condensed  if  the  pressure  and 
other  things  had  remained  constant.     Hence  the  numbers  in  the  column 

—  should  be  proportional  to  the  numbers  in  the  column  — —  in  Tables 

II.  and  ni. 

In  order  to  compare  the  results  of  these  experiments,  the  results  in  each 
Table  have  been  multiplied  by  a  common  factor,  so  that  they  may  be  the 
same  when  the  pressure  of  air  is  one  tenth  that  of  the  steam.     Thus  the 

numbers  in  the  column  —  in  Table  I.  have  been  multiplied  by  2000,  and 

Pi 

numbers  under ^  in  Table  IE.  by  7.  The  result  of  the  experiments  thus 

reduced  are  shown  in  the  curves  1,  2,  3. 
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The  point  of  no  air  might  have  been  chosen  as  the  point  in  which  the 
ctures  should  coincide ;  but,  as  has  been  previoualy  explained,  the  lesalts 
nnder  mch  circumatonces  are  io  be  taken  as  indicating  the  power  of  the 
condenser  to  carry  off  the  heat.  Had  it  been  possible  to  keep  the 
oondenser  cool,  then  there  is  reason  to  beliere  that  there  would  have  been 
no  limit  to  the  condenaation  of  pure  steam,  and  that  the  true  form  of  the 
enures  is  like  that  shown  by  the  dots. 


SMia  of  tbe  preuure  of  ai 


Although  the  curves  do  not  coincide,  yet  they  lire  all  of  the  same  form, 
and  the  difference  between  them  is  not  greater  than  can  be  accounted  for 
by  the  disturbing  causes  already  mentioned.  They  all  show  that  the 
effect  of  air  begins  to  fall  oS  rapidly  when  its  presaure  amounts  to  one- 
tenth  that  of  the  steam,  and  that  when  it  amounts  to  about  one  fourth 
tiiat  of  the  st«am  the  admission  of  more  air  produces  scarcely  any  effect. 

14.  Conetutiotu,  —  The  conclusions  to  be  drawn  from  these  eiperi- 
ment«  are  as  follows : — 

1.  That  a  small  quantity  of  air  in  ateam  does  very  much  retard  its 
condensation  upon  a  cold  surface ;  that,  in  fact,  there  ia  no  limit  to  the 
rate  at  which  pure  steam  will  condense  but  the  power  of  the  surface  to 
■arry  off  the  heat. 

S.That   the  rat«  of    condensation  diminishes  rapidly  and  nearly 
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aniformly  as  the  pressure  of  air.  increases  from  two  to  ten  per  cent,  that 
of  the  steam,  and  then  less  and  less  rapidly  until  thirty  per  cent,  is 
reached,  after  which  the  rate  of  condensation  remains  nearly  constant. 

3.  That  in  consequence  of  this  effect  of  air  the  necessary  size  of  a  surface- 
condenser  for  a  steam-engine  increases  very  rapidly  with  the  quantity  of 
air  allowed  to  be  present  within  it. 

4.  That  by  mixing  air  with  the  steam  before  it  is  used,  the  condensa- 
tion at  the  surface  of  a  cylinder  may  be  greatly  diminished,  and  conse- 
quently the  efficiency  of  the  engine  increased. 

5.  That  the  maximum  effect,  or  nearly  so,  will  be  obtained  when  the 
pressure  of  the  air  is  one  tenth  that  of  the  steam,  or  when  about  two 
cubic  feet  of  air  at  the  pressure  of  the  atmosphere  and  the  temperature 
60°  F.  are  mixed  with  each  pound  of  steam. 

15.  Bemarhs.  As  this  investigation  was  nearly  completed  my  atten- 
tion was  called  to  a  statement  by  Sir  W.  Armstrong,  to  the  effect  that 
Mr.  Siemens  had  suggested  as  an  explanation  of  the  otherwise  anomalous 
advantage  of  forcing  air  into  the  boiler  of  a  steam-engine,  that  the  air 
may  prevent,  in  a  great  measure,  the  condensation  at  the  surface  of  the 
cylinder.  It  would  thus  seem  that  Mr.'  Siemens  has  already  suggested 
the  probability  of  the  fact  which  is  proved  in  this  in<«:estigation.  1  am 
not  aware,  however,  that  any  previous  experiments  have  been  made  on 
the  subject,  and  therefore  I  offer  these  results  as  independent  testimony 
of  the  correctness  of  Mr.  Siemens's  views  as  well  as  of  my  own. 

II.  "  On  the  direct  Synthesis  of  Ammonia.^'  By  W.  F.  Donkin. 
Communicated  by  Sir  B.  C.  Brodie^  Bart.^  F.R.S.  Received 
May  1,  1873. 

The  action  of  induced  electricity  on  mixtures  of  certain  gases  has  been 
lately  shown  by  Sir  Benjamin  Brodie  (Proc.  Eoy.  Soc.  April  3,  1873)  to 
yield  very  interesting  results. 

An  obvious  application  of  his  method  was  to  treat  a  mixture  of  dry 
hydrogen  and  nitrogen  in  a  similar  manner  as  those  referred  to  above, 
with  the  view  of  effecting  the  synthesis  of  ammonia ;  and  Sir  B.  Brodie 
kindly  allowed  me  the  use  of  his  apparatus  for  the  purpose  of  the 
experiment,  which  was  conducted  as  follows : — 

A  mixture  of  about  three  volumes  of  hydrogen  with  one  of  nitrogen  in 
a  bell-jar  over  water,  was  passed  through  two  tubes  containing  pumice 
moistened  with  alkaline  pyrogallate  and  sulphuric  acid  respectively,  then 
through  a  Siemens  induction-tube,  and  into  a  bulb  containing  dilute 
hydrochloric  acid.  The  whole  apparatus  being  first  filled  with  pure 
hydrogen,  about  half  a  litre  of  the  mixed  gases  was  sent  through  the 
apparatus,  the  induction-coil  not  being  in  action ;  the  bulb  containing 
the  acid  was  then  removed  and  another  substituted,  containing  an  equal 
volume  of  the  same  acid. 
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About  half  a  litre  of  the  mixed  gases  was  now  passed  through  the 
apparatus,  submittiDg  them  to  the  action  of  the  electricity.  The  con- 
tents of  the  two  bulbs  were  next  transferred  to  two  test-tubes ;  and  after 
adding  excess  of  potash  to  each,  Nessler's  test  was  applied.  The  first 
solution  gave  a  faint  yellow  coloration,  the  second  a  rather  thick  reddish- 
brown  precipitate. 

No  attempt  was  made  to  estimate  the  qiiantity  of  ammonia  formed,  as 
it  would  vary  with  many  of  the  conditions  of  the  experiment. 

Since  writing  the  account  of  the  above  experiment,  which  was  made 
in  Dr.  Odling's  laboratory  at  Oxford  on  March  24,  I  have  seen  in  the 
*  Comptes  Bendus '  for  April  22, 1873,  a  note  of  an  experiment  by  Messrs. 
Th^nard  of  Paris,  in  which  they  observe  the  formation  of  traces  of 
ammonia  by  the  action  of  electricity  on  a  mixture  of  hydrogen  and 
nitrogen ;  but  no  details  of  the  mode  of  operating  are  given. 

III.  "  On  tiie  Effect  of  Pressure  on  the  Character  of  the  Spectra  of 
Oases.''  By  C.  H.  Stearm  and  O.  H.  Lee.  Communicated 
by  W.  HuooiNs,  F.R.S.     Received  March  19,  1873. 

The  variations  iil  the  spectra  of  gases  which  accompany  changes  of 
density  have  been  studied  by  Pliicker  and  Hittorf,  Frankland  and 
Lockyer,  Wiillner  and  others. 

It  appears  to  us  that  one  cause  to  which  these  changes  may  be  due 
has  been  overlooked,  and  that  many  of  the  observed  variations  are  entirely 
independent  of  the  density  of  the  gas.  If  a  Leyden  jar  be  placed  in  the 
circuit,  and  the  current  from  an  induction-coil  be  passed  through  a 
Plucker's  tube  containing  nitrogen  with  the  traces  of  hydrogen  generally 
present,  the  following  well-known  phenomena  are  observed. 

When  the  gas  is  near  atmospheric  pressure,  the  line-spectrum  of 
nitrogen  is  brilliant,  and  the  F  line  of  hydrogen  is  broad  and  nebulous. 
As  the  pressure  is  reduced,  the  lines  of  nitrogen  gradually  fade  out,  and 
the  band-spectrum  appears,  while  at  the  same  time  the  F  line  of  hydrogen 
becomes  narrow  and  well  defined.  If  fresh  gas  be  admitted,  the  line- 
spectrum  reappears,  accompanied  by  a  widening  of  the  F  line. 

That  these  changes  are  not  dependent  on  the  density  of  the  gas, 
appears  from  the  following  experiment : — 

A  sealed  tube  containing  nitrogen,  with  traces  of  hydrogen  at  a 
pressure  of  about  2  millims.,  was  placed  before  the  spectroscope.  A 
second  tube  was  connected  with  the  air-pump,  and  the  current  passed 
through  both  tubes,  a  Leyden  jar  being  placed  in  the  circuit. 

When  the  pressure  in  the  second  tube  was  high,  the  line-spectrum  of 
nitrogen  appeared  brilliantly  in  the  sealed  tube,  and  the  F  line  was  broad 
and  nebulous ;  as  the  exhaustion  proceeded  these  lines  faded  out,  and  the 
F  line  became  narrow,  in  precisely  the  same  manner  as  if  the  sealed  tube 
had  been  in  process  of  exhaustion.    The  explanation  appears  to  be  that 
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tiie  production  of  the  line-spectrum  of  nitrogen,  and  the  expansion  of 
the  F  line  of  hydrogen,  depend  entirely  on  the  intensity  of  the  charge 
oommunicated  to  the  Leyden  jar.  When  the  pressure  of  the  gas  between 
the  electrodes  is  high,  the  discharge  does  not  take  place  until  the  jar  is 
fully  charged ;  but  as  the  exhaustion  proceeds  a  less  and  less  charge  is 
communicated  to  the  jar,  and  the  discharge  at  last  is  virtually  not  more 
tiian  that  of  the  simple  current. 

The  same  effect  may  be  produced  by  interposing  a  break  in  the  circuit, 
the  length  of  which  may  be  increased  as  the  pressure  in  the  tube  is  re- 
duced. Pliicker  and  Hittorf  appear  to  have  used  a  break,  as  in  their 
paper  in  the  Philosophical  Transactions,  Nov.  1864,  they  speak  of  the  ex- 
pansion of  lines  obtained  by  increasing  the  charge  of  the  jar  by  an  inter- 
posed stratum  of  air.  They  do  not,  however,  appear  to  have  noticed  that 
the  reduction  of  pressure  in  the  tube  was  only  equivalent  to  a  diminution 
of  the  charge  of  the  jar,  and  that  to  this  cause  many  of  the  changes  of 
spectra  which  accompany  the  reduced  pressure  ought  to  be  ascribed. 

We  are  continuing  our  experiments  on  the  effect  of  temperature  on 
the  spectrum,  but  prefer  to  reserve  this  portion  of  the  subject  for  the 
present. 

May  8,  1873. 

FRANCIS  SIBSON,  M.D.,  Vice-President,  in  the  Chair. 

The  following  communications  were  read : — 

I.  '^  The  Action  of  Light  on  the  Electrical  Resistance  of  Sele- 
nium.^'  By  Lieut.  Sale,  R.E.  Communicated  by  J.  N. 
LocKTER,  P.R.S.     Received  March  28,  1873. 

It  having  been  recently  brought  to  notice  that  selenium  in  the  crys- 
talline condition  exhibits  the  remarkable  property  of  having  a  conduc- 
tivity varying  with  the  degree  of  light  to  which  it  is  exposed,  the  fol- 
lowing experiments  were  undertaken  with  a  view  to  the  further  elucida- 
tion of  the  matter : — 

Experiment  1. — A  bar  of  crystalline  selenium  measuring  approximately 
1*5"  X  '6"  X  '05"  was  procured,  and  platinum  wire  terminals  were  fastened 
to  the  ends. 

The  bar  itself  was  then  enclosed  in  a  box  having  a  draw-lid,  so  as  to 
admit  or  exclude  the  light  at  pleasure. 

Then,  the  lid  of  the  box  being  on,  the  resistance  of  the  selenium  was 
measured  by  means  of  a  high-resistance  galvanometer  and  a  Wheat- 
stone's  bridge,  with  dial-coils  capable  of  measuring  up  to  10,000,000  ohms. 
The  battery-power  was  2  cells  DanieU. 

The  measurement  was  made  on  a  dull  cloudy  day,  and  in  a  room  of 
equable  temperature. 

The  resistance  having  been  carefully  balanced,  the  lid  of  the  box  was 
withdrawn,  when  the  resistance  of  the  selenium  fell  instantaneously  and 
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considerably,  as  indicated  by  the  rapid  movement  of  the  spot  of  light  on 
the  galvanometeiHscale. 

Experiment  2. — The  transition  from  darkness  to  the  light  given  by  an 
ordinary  gas-burner  (conditions  as  before),  caused  a  slight  and  barely 
perceptible  fall  in  the  resistance. 

Experiment  3. — The  bar  of  selenium  was  next  tried  in  the  solar  spec- 
trum on  a  very  bright  cloudless  day  (conditions  as  before),  except  that 
more  battery-power  was  used  (10  cells  Daniell). 

The  diffused  daylight  could  not  be  cut  off ;  so  the  trial  was  made  in  the 
most  shaded  part  of  an  ordinary  room,  the  spectrum  being  superimposed 
on  the  ordinary  diffused  daylight. 

The  resistances  were  very  carefully  balanced  in  each  case,  with  the 
f oUowing  results : — 

Besistance  in  darkness 330,000 

„       „      violet 279,000 

„      red 255,700 

orange    277,000 

green 278,000 

„       „      blue  and  indigo 279,000 

„      centre  of  red 255,000 

Besistance  just  on  the  outside  edge  of  red, 

red  side 220,000 

Besistance  in  dark  rays  clear  of  red   228,000 

Besistance  in  diffused  daylight  only    270,000 

Besistance  taken  in  the  dark  immediately 

after  exposure  (resistance  rising)    310,000 

The  indications  were  very  clear ;  and  the  bar  of  selenium  was  so  sensi- 
tive to  the  action  of  the  spectrum,  that  a  slight  movement  of  the  prism 
produced  a  corresponding  movement  in  the  spot  of  light  on  the  galvano- 
meter-scale. 

It  is  to  be  noted  that  in  this  experiment  the  reflecting  galvanometer 
was  placed  on  a  heavy  masonry  pillar  insulated  from  the  floor  for  obser- 
vatory purposes,  and  that  the  battery,  bar  of  selenium,  and  resistance- 
coils  were  in  another  room,  being  connected  by  long  and  carefully  in- 
sulated leads  with  the  galvanometer. 

Experiment  4. — The  diffused  light  was  cut  off  as  much  as  possible  by 
screens ;  and  the  resistances  were  again  balanced  in  the  solar  spectrum. 
Conditions  as  in  the  last  case. 

Besistance  of  selenium  in  red 240,000 

just  outside  red 240,700 

in  blue    270,000 

„         in   such   diffused  light  as  came 

through  screens    290,000 

Light  cut  off  by  lid  of  box  (resistance  rising)  310,000 
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Experiment  5. — ^The  selenium  was  also  exposed  to  the  spectrum  of 
tiie  dectric  light  in  a  darkened  room. 

The  effect  was  feeble ;  but  by  using  more  battery-power  in  balancing, 
it  was  possible  to  measure  the  swing  of  the  spot  of  light  when  the 
Bdeninm  was  suddenly  exposed  to  the  action  of  the  light  of  the  spectrum. 

The  maTrimnm  effect  was  obtained  in,  or  just  at  the  edge  of  the  red, 
the  violet  and  blue  rays  producing  scarcely  any  effect. 

Experiment  6. — ^The  selenium  was  exposed  to  the  full  sunlight ;  the 
resistance  fell  enormously  and  instantaneously,  and  on  balancing  it  was 
found  to  be  little  more  than  half  what  it  was  in  the  darkness. 

The  following  were  the  general  results  of  the  experiments : — 

BesuJts. — (1)  That  the  resistance  of  selenium  is  largely  affected  by  ex- 
posure to  light. 

(2)  That  this  effect  is  not  produced  by  the  actinic  rays,  but  is  at  a 
maximum  at,  or  just  outside  the  red  rays,  at  a  place  nearly  coincident 
with  the  locus  of  the  maximum  of  the  heat-rays. 

(3)  That  the  effect  of  varying  resistances  is  certainly  not  due  to  any 
change  of  temperature  in  the  bar  of  selenium. 

(4)  That  the  effect  produced  on  exposure  to  light  is  sensibly  instanta- 
neous, but  that,  on  cutting  off  the  lights  the  return  to  the  normal  re- 
sistance is  not  so  rapid. 

It  would  seem  that  there  exists  a  power  in  rays  nearly  coincident  with 
the  heat-rays  of  high  intensity,  of  altering  instantaneously  and  without 
change  of  temperature  the  molecular  condition  of  this  particular  element. 

II.  ^'  Researehes  in  Spectrum- Analysis  in  connexion  with  the  Spec- 
trum of  the  Sun." — ^No.  II.  By  J.  Norman  Lockter^  P.R.S. 
Received  March  14,  1873. 

(Abstract.) 

The  observations  in  this  paper  are  a  continuation  of  those  referred  to  in 
the  previous  communication  bearing  the  same  title.  They  deal  (1)  with 
the  spectra  of  chemical  compounds,  and  (2)  with  the  spectra  of  mecha- 
nical mixtures. 

I.  Chemical  Compounds. 

Several  series  of  salts  were  observed ;  these  series  may  be  divided  into 
two : — 1st,  those  in  which  the  atomic  weights  varied  in  each  series ;  2Dd, 
those  in  which  the  associated  elements  varied  in  each  series.     The 
following  salts  were  mapped : — 
Pb  F„  Pb  Cl„  Pb  Br„  Pb  I, ;     Sr  P„  Sr  CI,,  Sr  Br„  Sr  I, ;     Ba  P„ 

BaCl,,  BaBr.,  Bal,;    Mg  F„  Mg  CI.,  Mg  Br„   Mgl,;   Na  F, 

Na  CI,  Na  Br,  Na  I. 
The  conditions  of  the  experiments  are  described.     The  same  aluminium 
cups,  described  in  the  first  paper,  were  used ;  and  the  poles  were  arranged 
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in  such  a  maimer  that  they  could  at  will  be  surrounded  with  any  gas  or 
vapour.  Hydrogen  was  used  in  some  of  these  experiments ;  it  was  puri- 
fied in  the  usual  manner  by  drying  and  freeing  from  traces  of  sulphu- 
retted hydrogen ;  it  was  then  passed  over  clean  cut  pieces  of  sodium,  and 
admitted  to  the  poles.  An  induction-spark  from  5  one-pint  Grove  cells 
was  used,  the  eircuit  being  without  the  Leydenjar, 

The  lead  compounds  behaved  (in  air)  as  follows : — 

The  fluoride  gave  the  eleven  longest  lines  of  the  metal ;  but  four  were 
Very  faint. 

The  chloride  gave  nine  lines ;  one  of  these  was  very  short. 

The  bromide  gave  six  lines ;  but  one  was  a  mere  dot  on  the  pole. 

The  iodide  gave  four  lines  distinctly  and  two  as  dots,  one  of  which  was 
scarcely  visible. 

It  is  pointed  out  that  the  decrease  in  length  and  number  of  lines 
follows  the  increase  in  the  atomic  weight  of  the  non-metallic  element, 
the  lines  dying  out  in  the  order  of  their  length. 

Barium  was  next  experimented  on,  the  same  series  of  salts  being  used. 
A  marked  departure  from  the  results  obtained  in  the  case  of  the  lead 
compounds  was  observed,  especially  in  the  case  of  the  fluoride,  its 
spectrum  being  much  the  simplest ;  in  fact  it  consisted  of  only  4  Hues. 
Strontium  behaved  like  barium ;  and  so  did  magnesium  fluoride.  This 
anomalous  behaviour  was  found  to  be  most  probably  due  to  the  ex- 
ceedingly refractory  nature  of  these  fluorides,  all  of  them  being  quite  in- 
fusible, and  non-volatile  in  any  spark  that  was  used. 

Sodic  fluoride,  sodic  chloride,  sodic  bromide,  and  sodic  iodide  exhi- 
bited a  behaviour  exactly  the  reverse  of  that  of  lead ;  t.  e,  the  iodide 
showed  most  of  the  metallic  spectrum. 

The  difference  between  flame-spectra  and  those  produced  by  a  weak 
electric  discharge  are  then  discussed.  Beads  of  the  chlorides  &c.  were 
heated  in  a  Bunsen  gas-flame ;  Bal^  gave  a  "  structure  "  spectrum  (since 
proved  to  be  due  to  the  oxide)  and  the  line  at  wave-length  5534*5, 
by  very  far  the  longest  metallic  line  of  barium.  The  bromide  be- 
haved like  the  iodide ;  and  so  did  the  chloride,  except  that  its  spectrum 
was  morie  brilliant.  Baric  fluoride  gave  scarcely  a  trace  of  a  spectrum, 
the  oxide  structure  being  scarcely  visible,  and  5534*5  very  faint  indeed. 
The  strontium  salts  follow  those  of  barium — 4607*5,  the  longest  strontium 
line,  appearing  in  eon  junction  with  an  oxide  spectrum.  The  strontic 
fluoride,  however,  refused  to  give  any  spectrum  whatever.  These 
results  are  compared  with  those  obtained  with  the  weak  spark,  and  it 
is  shown  that  the  difference  is  one  of  degree :  e,  g,  baric  bromide  gives 
25  lines  in  the  spark ;  these  are  the  longest  lines.  In  the  flame  it  gives 
but  one  line ;  but  this  is  the  longest  of  all  the  barium  lines,  and  indeed 
very  far  exceeds  all  the  others  in  length.  When  the  flame-spectra  are 
compared  with  those  produced  by  the  low-tension  spark,  the  spectra  of 
the  metals  in  the  combination  are  in  the  former  case  invariably  more 
S2mp]e  than  in  the  latter,  so  that  only  the  very  longest  line  or  lines  are  left. 
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Some  experiments  made  by  Mr.  E.  J.  Enawell  to  determine  the  cause  of 
the  similarity  of  the  spectra  of  the  various  salts  of  the  same  metal 
observed  in  air  are  then  given,  the  conclusion  being  that  the  spectrum 
observed  is  really  that  of  the  oxide. 

Kirchhoff  and  Bunsen's,  Mitscherlich's,  and  Clifton  and  Eoscoe's  prior 
conclusions  on  the  points  investigated  are  stated  at  length ;  and  it  is 
shown  that  the  observations  recorded,  taken  in  conjunction  with  the 
determination  of  the  long  and  short  lines  of  metallic  vapours,  are  in 
favour  of  the  views  advanced  by  Mitscherlich,  Clifton,  and  Eoscoe. .  For 
while  the  spectra  of  the  iodides,  bromides,  &c.  of  any  element  in  air 
are  the  same,  as  stated  by  Kirchhoff  and  Bunsen,  the  fact  that  this  is 
not  the  spectrum  of  the  metal  is  established  by  the  other  fact,  that  only  the 
very  longest  lines  of  the  metal  are  present^  increased  dissociation  bringing  in 
the  other  metallic  lines  in  the  order  of  their  length. 

The  spectra  have  been  mapped  with  the  salts  in  hydrogen  :  here  the 
spectra  are  different,  as  stated  by  Mitscherlich  ;  and  the  metallic  lines  are 
represented  according  to  the  volatility  of  the  compound,  otily  the  very  longest 
lines  being  visible  in  the  case  of  the  least-volatile  one. 

The  following  are  the  conclusions  arrived  at : — 

1.  A  compound  body  has  as  definite  a  spectnmi  as  a  simple  one  ;  but 
while  the  spectrum  of  the  latter  consists  of  lines,  the  number  and 
thickness  of  some  of  which  increase  with  molecular  approach,  the 
spectrum  of  a  compound  consists  in  the  main  of  channelled  spaces  and 
bands,  which  increase  in  like  manner.  In  short,  the  molecules  of  a 
simple  body  and  of  a  compound  one  are  affected  in  the  same  manner 
by  their  approach  or  recess,  so  far  as  their  spectra  are  concerned; 
in  otJier  words,  both  spectra  have  their  long  and  short  lines  or  bands.  In 
each  case  the  greatest  simplicity  of  the  spectrum  depends  upon  the 
greatest  separation  of  molecules,  and  the  greatest  complexity  (a  con- 
tinuous spectrum)  upon  their  nearest  approach. 

2.  The  heat  required  to  act  upon  a  compound,  so  as  to  render  its 
spectrum  visible,  dissociates  the  compound  according  to  its  volatility: 
the  number  of  true  metallic  lines  which  thus  appear  is  a  measure  of  the 
dissociation ;  and  doubtless  as  the  metal  lines  increase  in  number  the 
compound  bands  thin  out. 

Mitscherlich's  observations,  that  the  metalloids  show  the  same  structural 
spectra  as  the  compound  bodies,  is  then  referred  to,  and  the  question  is 
asked  whether  the  molecules  of  a  metalloid  do  not  in  structure  lie  be- 
tween those  of  elements  on  the  'one  hand  and  of  compounds  on  the  other. 

These  considerations  are  applied  to  solar  and  stellar  spectra ;  the 
general  appearance  of  the  solar  spectrum  shows  that  in  all  probability 
there  are  no  compounds  in  the  sun. 

Secchi's  maps  of  a  large  number  of  stellar  spectra  are  referred  to  as 
now  indicating  beyond  all  doubt  the  existence  of  compound  vapours  in 
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It  is  pointed  out  tliat  tlio  lines  disappear  from  the  spt 
percentage  becomes  less,  the  shortest  linos  disappearing  fii 
Jthough  we  have  here  the  foreshadowing  of  a  quantitati^ 
nalysis,  the  method  is  so  rough  as  to  be  inapplicable. 

It  is  then  stated  that  further  researches  on  a  method  wh 
Quch  greater  accuracy  are  in  progress. 

The  bearing  of  these  results  on  our  knowledge  of  the  re 
»f  the  sun's  atmosphere  is  then  discussed. 

II.  "  Contributions  to  the  Study  of  the  Errant  Anne 
Older  Palaeozoic  Rocks.''  By  H.  Alleyne 
M.D.,  D.Sc,  M.A.,  Ph.D.,  P.R.S.E.,  Professor 
History  in  University  College,  Toronto.  Comm 
Professor  Bamsay,  F.R.S.,  Director-General  of  the 
Survey  of  the  United   Kingdom.     Received  Do 

1872. 

(Abstract.) 

In  this  communication  the  author  endeavours  to  e 
abundant  and  obscure  organic  remains  which  are  found  so  c 
he  Pakeozoic  rocks,  and  especially  in  the  Silurian  strata  of 
vhich  are  generally  known  by  the  vague  and  conveniei 
*  Fucoids,'*  "  Annelide-burrows,'*  and  "  tracks."  After  ex 
opinion  that  the  first  step  towards  the  studv  of  these  obscui 
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different  nature  from  the  preceding,  and  may  reasonably  be  compared  to 
the  burrows  of  the  recent  lobworms.  These  burrows  run  more  or  less  hori- 
zontally as  compared  with  the  laminse  of  deposition,  or  they  penetrate  the 
strata  obliquely.  They  are  not  burrows  of  habitation,  but  are  wandering 
tunnels  excavated  by  the  worm  in  its  search  after  food.  The  fossils  of 
this  group,  therefore,  as  preserved  to  us,  are  not  the  actual  burrows 
themselves,  but  the  burrows  filled  up  with  the  sand  or  mud  which  the 
worm  has  passed  through  it«  alimentary  canal.  The  burrows  of  this 
kind  (including  many  forms  previously  described  under  the  names  of 
ChmdriteSy  PalctophycuSy  &c.),  the  author  groups  together  under  the 
name  of  Planolites, 

The  second  great  group  of  Annelide-remains  comprises  genuine 
surface-trails  or  "  tracks,"  which  of  necessity  never  pass  below  the  sur&ce 
of  the  bed  on  which  they  occur.  Some  of  these  remains,  such  as 
Crossopodia,  are,  beyond  doubt,  due  to  the  operation  of  marine  Annelides ; 
but  it  may  be  a  matter  of  question  whether  we  have  in  these  cases  the 
actually  petrified  body  of  the  worm,  or  merely  the  track  produced  by  the 
passage  of  the  animal  over  the  surface  of  the  mud  or  sand.  The  author, 
however,  gives  reasons  for  believing  that  the  latter  explanation  is  truly 
the  correct  one.  Other  fossils  belonging  to  this  group  (such  as 
Myrianites)  are  equally,  beyond  doubt,  produced  by  the  operations  of 
marine  animals ;  but  it  remains  quite  uncertain  whether  they  have  been 
formed  by  Annelides,  Crustaceans,  or  Mollusks.  Lastly,  there  are 
remains  which  appear  to  be  really  casts  of  the  surface-trails  of  Annelides 
or  other  marine  creatures,  and  which,  therefore,  are  elevated  above  the 
surface  of  the  bed  on  which  they  occur.  Such  remains  may  readily  be 
confounded  with  those  belonging  to  the  genus  Planolites^  from  which 
they  are  only  distinguishable  by  the  fact  that  they  are  strictly  confined  to 
a  single  surface  of  deposition.  To  fossils  of  this  nature  the  author 
proposes  to  restrict  the  generic  title  of  Nemertites. 

Finally,  the  author  describes  some  singular  tracks  apparently  produced 
by  Crustaceans  belonging  to  the  genus  Ceratiocaris,  and  for  which  he 
proposes  the  generic  name  of  Caridolites, 

The  following  list  comprises  the  species  of  fossils  described  in  this 
communication : — 

A,   Bfbbows. 

I.  Genus  AEEiaooLiTBS,  Salter. 

1.  Arenicolites  sparsus,  Salter, 

2.  didymus,  Salter, 

3.  robustus,  Nicholson. 

II.  Genus  Scolithtts,  Haldemand. 

4.  Scolithus  canadensis,  Billings, 

5.  linearis,  HaU, 

6.  verticalis,  HaU. 
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lU.  Genus  Histiodebma,  Kinahan. 

7.  Ilistioderma  hibemicum,  Kinahan. 
IV.  G^enus  Planolites,  Nicholson. 

8.  Planolites  vulgaris,  Nicfiolson. 

9.  granosus,  NichoUon, 

10.  artdculatus,  NichoUon. 

B.   Tbails. 

V.  Genus  Ceossopodia,  M'Coj. 

11.  Crossopodia  scotica,  M'-Coy. 

12.  lata,  M'Coy. 

VI.  Genus  Nemebtites,  M'Leay. 

13.  Nemertites  OUivantii,  Murchison. 

14.  (Palteochorda)  major,  M'-Coy. 

15.  (PalsDOchorda)  minor,  M'Coy. 

Vn.  Genus  Mtrianites,  M*Leay. 

16.  Myrianites  tenuis,  M'-Coy. 

17.  Murchisoni,  Emmons. 

C.  Appendix. 
Vin.  Genus  Caridolites,  Nicholson. 

18.  Caridolites  Wilsoni,  Nicliolson. 


May  15,  1873. 

WILLIAM  SPOTTISWOODE,  M.A.,  Treasurer  and  Vice- 
President,  in  the  Chair. 

Major  Thomas  George  Montgomerie,  E.E.,  was  admitted  into  the 
Society. 

The  following  communications  were  read : — 

I.  "  Determination  of  the  Number  of  Electrostatic  Units  in  the 
Electromagnetic  Unit  made  in  the  Physical  Laboratory  of 
Glasgow  University."  By  Dugald  M'Kichan,  M.A.  Com- 
municated by  Sir  William  Thomson,  F.Il.S.  &c.     Received 

April  15,  1873. 

(Abstract.) 

The  object  of  this  paper  is  to  describe  experiments  made  at  inten-als 
from  1870  to  1872  in  the  Physical  Laboratory  of  Glasgow  Uni\ersity  to 
determine  the  relation  between  the  fundamental  units  in  the  two  systems 
of  absolute  electrical  measurement,  the  electromagnetic  and  the  electro- 
static. A  summary  is  also  given  of  the  results  of  similar  observations 
made  by  W.  F.  King  in  1867  and  1868. 
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The  two  systems  of  electrical  measurement,  or  the  units  which  they 
employ,  are  founded  on  the  fundamental  units  of  time,  mass,  and  space 
applied  to  the  observed  effects  of  electricity  at  rest  and  electricity  in 
motion.  The  dimensions  of  quantity  in  the  two  systems  are  such  that 
the  ratio  of  the  electromagnetic  and  the  electrostatic  unit  of  quantity  is 
expressible  as  a  velocity. 

This  velocity,  usually  known  as  v,  is  not  only  of  great  importance 
in  all  combinations  of  electromagnetic  and  electrostatic  action,  but  it  is 
also  of  great  scientific  importance  in  the  theory  of  the  propagation  of 
electromagnetic  disturbances  through  a  dielectric  medium.  It  occupies  a 
very  important  place  in  the  development  of  the  electromagnetic  theory 
of  light  by  Professor  Clerk  Maxwell,  according  to  whose  theory  this 
velocity  v  is  the  same  as  the  velocity  of  light. 

The  first  experimental  determination  of  v  was  made  by  Weber  from  a 
common  electrostatic  and  electromagnetic  measure  of  capacity.  As  the 
result  of  Weber's  experiments,  v  was  found  to  be  310*74  x  10*  centims. 
per  second. 

Another  determination  was  made  by  Prof.  Clerk  MaxweU  in  1868,  by 
means  of  a  direct  comparison  of  electrostatic  attraction  with  electro- 
magnetic repulsion,  liis  experiments  gave  vs288xl0'  centims.  per 
second. 

The  value  of  v  given  by  the  experiments  here  described  is  293  x  lO* 
centims.  per  second.  The  method  employed  was  that  of  obtaining  an 
absolute  electrostatic  and  an  absolute  electromagnetic  measurement  of 
the  same  electromotive  force,  v  is  defined  as  the  ratio  of  the  units  of 
quantity  in  the  two  systems ;  but  it  follows  &x>m  the  definition  of  electro- 
motive force,  that  t;  is  also  the  ratio  of  the  units  of  electromotive  force  in 
the  two  systems. 

The  electromotive  force,  or  the  difference  of  potentials  between  the  two 
poles  of  a  constant  Daniell's  battery,  was  measured  electrostatically  by 
means  of  Sir  William  Thomson's  absolute  electrometer.  The  absolute 
electromagnetic  value  of  this  electromotive  force  was  given  by  the  effect 
of  the  current  which  it  maintained  in  the  circuit  of  an  electrodynamo- 
meter.  The  determination  of  this  value  depended  on  the  resistance  of  the 
electrodynamometer-circuit,  which  was  reckoned  in  terms  of  the  absolute 
value  of  the  British-Association  standard  unit  of  resistance.  Any  cor- 
rection which  may  hereafter  be  found  to  be  applicable  to  the  absolute 
value  of  this  standard  coil,  as  measured  at  King's  College  by  Professors 
Clerk  Maxwell,  Balfour  Stewart,  and  Fleeming  Jenkin,  must  be  applied 
to  the  value  of  v  given  above. 

The  comparisons  made  in  1867  and  1868  by  Mr.  King  gave  as  the 
mean  value  of  v,  284*6  x  10®  centims.  per  second. 

The  experiments  made  in  1870  with  the  new  absolute  electrometer 
gave  as  the  mean  result  ^=294*5  x  10^  centims.  per  second.    The  result 
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of  later  observatiQiis  made  under  much  more  favourable  ciroumstances 
was  v=s292'4  x  10'  centims.  per  second. 

The  latest  observations  (1872)  furnish  the  most  probable  value  of  v, 

293  X 10'  centims.  per  second. 


II.  ''  On  Jeypoorite,  a  Sulph-antimonial  Arsenide  of  Cobalt.^^  By 
Major  W.  A.  RosSj  late  Royal  Artillery.  Communicated  by 
Prof.  W.  H.  Miller,  Foreign  See.  R.S.  Received  April  16, 
1873. 

A  mystery  has  pervaded  the  history  and  character  of  this  almost  un- 
known mineral  (the  very  name  of  which  is  mis-spelled  "  Syepoorite ''), 
which  was  scarcely  to  have  been  expected  from  English  mineralogists,  as 
the  only  place  in  the  world  in  which  it  has  yet  been  found  is  the  copper- 
mines  of  KhetreCy  in  the  Hindu  principality  of  Jeypoor,  in  Eajpootana, 
India,  the  Bajah  of  which  territory  politely  sent  the  \^Titer  the  specimens 
of  which  an  analysis  is  here  submitted. 

Notwithstanding  Jeypoor  is  one  of  the  feudatories  of  the  British 
Government  of  India,  it  is  believed  that  there  is  not  a  specimen  of  this 
mineral  in  the  British  Museum ;  at  any  rate  there  was  not  one  in  1868, 
when  Professor  Maskelyne  even  expressed  to  the  writer  his  doubt  of  the 
existence  of  such  a  mineral. 

Professor  Nicol  (*  Manual  of  Mineralogy,'  p.  458)  tells  us  (1849)  that 
this  mineral,  which  he  calls  "  Syepoorite,"  from  "  Syepoor  near  Eaj- 
pootana"! was  analyzed  by  Middleton,  who  found  in  it  64*64  per 
cent,  cobalt  and  35*36  sulphur*.  Dana  and  other  mineralogists  have 
followed  this  account ;  and  Professor  Miller  informs  me  that  Middleton's 
analysis  is  given  in  the  *  Memoirs  of  the  Chemical  Society,*  vol.  iii. 
1845-48,  p.  39.  There  may,  of  course,  be  a  minei*al  from  the  same  place 
answering  the  description  of  Middleton's  analysis.  All  I  assert  is  that 
none  of  the  many  crystals  examined  by  me  gave  the  indications  of  a 
pure  sulphide  of  cobalt.  At  first  I  certainly  thought  Jeypoorite  was 
only  an  antimonial  sulphide  of  cobalt,  not  having  any  reason  to  doubt 
further  the  description  given  by  Nicol ;  but  by  a  closer  and  novel  method 
of  examination,  to  be  presently  described,  I  succeeded  in  detecting  arsenic 
in  considerable  quantity. 

Plattner  ('  Probirkunst  mit  dem  Lothrohre,'  vierte  Auflage,  Leipsic, 
1865)  attributes  to  Jeypoorite,  evidently  from  the  description  of  another 
work,  a  percentage  of  65*2  cobalt,  with  the  remainder  sulphur,  and  says 
of  it,  at  p.  311,  "  Das  Lothrohrverhalten  ist  nicht  bekannt." 

*  If  Middleton  had  found  iron,  copper,  Ac,  one  might  have  supposed  that  he  took 
some  of  the  general  sand  for  his  analysis,  which  would  of  course  reduce  the  percentage 
of  cobalt  and  raise  that  of  sulphur. 
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This  is  about  all  we  know  of  this  mineral  in  Europe.  The  natives  of 
the  neighbourhood  of  Khetree  call  it,  if  I  remember  rightly,  *<  Sheta,"  or 
'^  Sheeta,"  and  state  that  it  is  used  by  their  jewellers,  not  only  for  the 
usual  blue  enamels  made  with  cobalt  oxide,  but  to  impart  to  gold  a  rose- 
colour-*-an  art,  perhaps,  worth  knowing. 

The  state  and  quantity  in  which  it  was  sent  to  me  almost  preclude  the 
possibility  of  a  regular  chemical  analysis,  so  that  in  the  mean  time  I  beg 
to  submit  the  following : — 

Pyrological  Analysis  of  Jeypoorite. 

(1)  Appearanes, — A  dark  grey  sand  with  shining  metallic-looking 
points,  yellow  and  white,  interspersed.  Through  the  lens,  these  are 
found  to  be  lemimetallic  fragments,  the  white  crystalline,  the  yellow 
amorphous^  tbero  aro  also  numerous  quartzose  fragments,  white  and 

pink, 

(8)  About  one  tenth  of  this  sand  is  magnetic.  Among  the  portion 
adhering  to  the  magnet  are  no  metallic  crystals,  but  a  considerable  quan- 
tity of  yellowish  |)yrrAol^n#. 

(8)  In  a  glass  of  phosphoric  add,  this  magnetized  sand  gives  chiefly 
reactions  of  iron. 

(4)  After  the  magnetized  portion  was  removed,  the  remainder  (among 
which  were  all  the  metallio-looking  crystab)  was  put  into  a  sieve  with 
holes  of  the  diameter  of  a  small  pin,  and  the  larger  metallic  crystals  and 
fragments,  with  the  greater  part  of  the  pieces  of  quartz,  thus  separated. 

(5)  A  fragment  of  the  more  yeUow  metallic  portion,  treated  in  phos- 
phoric acid,  showed  that  it  was  copper  pyrites, 

(6)  The  metallic  crystals  could  now  be  plainly  observed  through  a  lens 
to  be  of  the  cubic  system — indeed,  for  the  most  part,  apparently  cubes 
with  bevelled  or  truncated  edges,  and  some  octahedrons.  As  these  modi- 
fications give  the  crystals,  compared  with  the  other  fragments,  a  roundish 
figure,  the  following  expedient  was  resorted  to  for  the  further  separation 
of  the  former  from  the  latter. 

(7)  The  now  coarse  sand  was  placed  in  the  middle  of  a  long  stifE  paper 
tray  inclined  at  an  angle  of  about  30°,  and  the  whole  of  it  blown  upwards 
with  the  jet  of  a  mouth-pyrogene,  when  the  lighter  non-metallio  frag- 
ments were  blown  away  from  the  rest,  the  whole  moved  from  its  place, 
and  the  greater  part  of  the  roundish  crystalline  ones  thus  made  to  roll 
down  to  the  bottom  of  the  tray ;  as  many  of  the  rest  as  possible  were 
picked  out  with  forceps,  and  added  to  those  which  had  rolled  down. 

(8)  These  crystals  are  the  pure  Jeypoorite^  and,  when  thus  collected 
separately,  look  (mthout  a  lens)  like  a  number  of  glittering  steel  beads, 
each  about  half  the  size  of  a  small  pin's  head.  Through  a  lens  they  are 
seen  to  be  of  a  silver-white,  not  a  steel-grey  colour.  Their  crystalline 
form  is  not  perceptible  without  a  lens,  although  the  metallic  glancing  of  the 
smooth  upturned  side  distinguishes  them  among  the  other  metalIi<^tBA%^ 
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inent».  These  crystalB  weigh  fr<Mn  1*0  ki  *7  tmUigramme  each* ;  but  50 
of  them  crushed  in  a  Plattner'a  steel  mortar,  produced  a  powder  weighing 
only  33  mgra.  Thia  powder  is  blue-block  and  semimetallic,  like  that 
made  from  galena ;  it  adheres  to  every  thing  it  touches,  aoiiing  paper  like 
graphite — a  property  not  possessed  by  the  crystals.  Keither  the  roasted 
powder  nor  the  crystal  ia  magnetic. 

(9)  Professor  Miller  has  favoured  me  with  the  foUowing  determination 
of  the  crystalline  form : — 

"  These  crystals  belong  to  the  cubic  system.  The  simple  forma  are  :— 
the  cube  10  0;  the  octahedron  111;  and  a  hemihednil  form  with  pa- 
rallel faces  n  0  1  3.     The  angles  between  normals  to  the  faces  are : — 


0  1  0, 
0  0  1, 
10  0, 
10  0, 
10  0, 
0  10, 
111, 


0  0  1 90     0 

10  0 90     0 

0  10 90     0 

111 54  44 

12  0 63  26 

12  0 26  34 

12  0 39  14." 


(10)  Boasted  on  an  aluminium  plate  (uidt  my  paper  on  "  Pyrolc^y," 
Proceedings  of  theHoyal  Society,  No.  137,  vol.  3i.  par.  89)  a  very  alight 
smell  of  SOj  ia  at  firat  perceived,  after  which  the  powder  very  alowly 
changes  its  semtmetallic  appearance  for  the  sooty  black  one  of  protoxide 
of  cobalt ;  for  sulphides,  arsenides,  &c.  thus  roasted  do  not  "  ainter." 
No  green  indications  of  nicktl  are  given  ("  Pyrology,"  par,  90). 

(11)  Boasted  throwjh  a  platinum-foil  tray  {vide  "Pyrology,"  par.  83), 
three  crystals  of  Jeypooriu  ground  into  a  paale  with  double  the  weight  of 
pure  Fcj  0,  (a  IVeibei^  reagent)  cauaed  the  steel  leg  of  the  f  orcepa  to  be 
covered  thinly  with  a  sublimate  disposed  in  leopard-like  ^OC^^""^^ 
spots,  white  {aniimonij),  with  an  orange  tinge  round  their  ^^  <^ 
edges  (anmit). 

(a)  To  make  certain  of  this  reaction,  a  small  trace  of  Sb,  0,  was  miied 
intimately  with  a  quantity  of  the  Freiberg  mat  and  water;  and  when 
carefully  ignited  on  a  new  platinum  tray,  it  deposited  exactly  similar 
spots  on  the  forceps,  only  ivhite  on  the  edges  as  elsewhere. 

(12)  Fused  uith  noda  on  a  platinum  wire,  and  the  mass  placed  on 
silver  foil  with  water,  three  cruahetf  crystals  of  Jfypooriu  gave  a  mode- 
rately brown  atiun  of  sulphide  of  silver,  aho\ving  that  it  containa  a  small 
quantity  of  sulphur*. 

*  There  ue,  however,  much  emRlln'  onea  in  the  nsiduo  from  (4). 
t  In  testing  my  carbonate  of  loda  preriuiuly  lo  tiring  it  with  JofpoorUt  tor  the  tiJ- 
phur  ind ■uIphuric-Bcid  teitofBerMlius  on  rilver  foil,  I  fuded  the  uda  on  a  "mortar" 
of  beautiful-looking  doie-grained  cbarcoal  trota  the  OoTemment  powder-worlca  at 
Waltham  Abbej.    The  fused  «oda-m«M,  dug  out  u  Benelius  raoommends,  and  placed 
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(13)  Three  large  selected  ci^stals  of  JeypooHU  were  added,  one  by 
one,  to  a  phosphoric  add  bead  of  50  mgrs.  in  an  O.  P.  These -weighed 
3*2  mgrs.  They  all  at  first  emitted  a  few  bubbles  of  gas  (SO,  ?),  and 
afforded  yellow  creamy  streaks  (S?)  not  unlike  those  of  phosphate  of 
silver,  but  proved  not  to  be  due  to  that  metal,  by  the  test  described  in 
par.  42  of  "  Pyrology,"  and  a  sooty-black  oxide  (Co  O  ?),  while  the  plati* 
num  wire  was  slightly  corroded.  The  first  two  products  were  soon  dis- 
sipated ;  the  cobalt  oxide  dissolving,  gave  the  glass  a  fine  rose-tint  in  the 
case  of  the  first  crystal.  The  second  crystal  coloured  the  glass  a  much 
deeper  red ;  and  when  the  third  had  been  dissolved  in  the  glass,  it  assumed 
the  splendid  red-violet  hue  of  cobalt  (yide  "  Pyrology,"  par.  35). 

(14)  It  took  exactly  2*5  mgrs.  o(  pure  cobalt  oxide  to  give  to  a  50  mgr. 

•  •  • 

P  glass  laid  alongside  of  (13)  on  a  sheet  of  white  paper,  and  also  viewed 
with  it  by  transmitted  light,  the  same  colour. 
Therefore 

5 :  6'4 : :  x  (per  cent.) ;  and  »r=^  of  100,  a=83-2  per  cent,  eohdU, 

(15)  It  took  21  mgrs.  of  carbonate  of  soda  to  azuriu  bead  (14),  but 
only  20  mgrs.  to  azurize  (13)  ;  so  that  there  was  slightly  more  acid  in  the 
former  bead. 

(16)  The  bead  (14)  weighed,  after  the  soda  had  been  added,  77  mgrs.; 
while  (13)  bead  weighed  75  mgrs.  They  had  both  been  kept  up  to  the 
mark  by  the  means  mentioned  in  par.  78  of  the  paper  on  "  Pyrology." 

(17)  As  this  percentage  of  cobfdt  seemed  too  high  compared  with  that 
recorded  in  works  on  mineralogy  from  Middleton's  analysis  above  cited,  I 
made  the  following  second  assay,  in  a  manner  slightly  differing  from  the 
preceding.  In  order  also  to  guard  against  the  possibility  of  loss  of  any 
cobalt  from  its  fusion  in  the  form  of  arsenide  with  the  red-hot  platinum- 
wire,  the  glass  with  a  Jeypoorite  crystal  on  its  sur&ce  was  manipulated 
in  such  a  manner  that  the  lower  sur^u^e  of  the  bead  just  touched  the  upper 
surface  of  the  jet,  in  which  position  the  ring  of  the  platinum-wire  never 
even  approaches  a  red  heat,  being  kept  comparatively  cool  by  the  action  of 
the  superposed  blast  (par.  7,  "  Pyrology  "),  which  cuts  the  heat  off  from  it ; 

•  •  • 

while  sufficient  heat  is  imparted  to  the  P  glass  to  dissolve  most  sub- 
stances, which,  even  metals,  cannot  imder  these  conditions  attack  or 
combine  with  the  platinum,  although,  lightened  by  the  loss  of  volatile 


on  bnght  eilyer  foil  with  distilled  water,  gave  a  brown  stain  of  AgS  quite  as  strong  as 
that  afterwards  afforded  by  Jeypooriie^  to  whidi,  therefore,  if  this  soda  had  been  used, 
double  the  amount  of  sulphur  it  really  contains  might  haye  been  attributed.  The  same 
soda  fused  on  platinum  wire  gaye  no  stain  whateyer  to  silver. 

A  glass  of  pure  boric  acid  fused  in  O.P.  on  this  charcoal  detects  in  its  ash  ("Pyro- 
logy,"  par.  65)  nVtco,  lime  (in  considerable  quantity),  magnesia,  and  protoxide  of  iron  ; 
while  soda,  as  above-mentioned,  shows  it  to  contain  stUphur,  or  sulphuric  acid,  and 
also  shows  its  iron,  which  giyes  the  soda  a  pale  salmon-colour.  The  6k>vemment 
gunpowder  is,  I  belieye,  made  of  this  charooaL 
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•  •  • 


matter,  or  raised  by  the  boiling  of  fresh  P  added,  the  metallic  mass  or 
ball  rises  to  or  touches  the  platinimi  wire.  The  glass  is  thus  made  to 
act  as  a  miniature  test-tube,  with  this  advantage,  that  any  novel  reaction 
or  peculiarity  can,  by  removing  it  from  the  pyrocoue,  be  immediately 
preserved  for  inspection,  like  a  fly  in  amber. 

(18)  (a)  2*4  mgrs.  of  pure  cobalt  oxide  were  taken  to  standardise  an 


•  •  • 


assumed  50-mgr.  P  glass  with  an  apparent  red-violet  colour. 

(6)  It  took  four  JeypoariU  crystals,  weighing  3*2  mgrs.,  to  bring 


•  • 


another  P  glass,  also  measured  only  by  the  eye,  to  a  similar  colour*, 
(c)  [a]  glass  weighed  76*5  mgrs.,  and  [6]  glass  79*2  mgrs. 
\d)  Then  [a]=s3-33  (standard  of  Co),  and  [6]«4  per  cent. 

(e)  Therefore  3*3  :  4  ::  ^  (per  cent.);  and  ars^  of  100,  »82'5  per 
cent,  of  cobalt. 

(19)  I  have  not  the  means  as  yet  of  separating  and  estimating  by  my 

methods  small  quantities  of  sulphur  and  sublimates ;  but,  assuming  the 

percentage  of  cobalt  oxide  in  JeypooriU  to  be  about  82,  of  the  remaining 

18  I  am  led  to  believe  there  are  nearly  equal  quantities  of  arsenic  and 

antimony,  with  very  little  sulphur — certainly  not  more  than  5  per  cent. ; 

so  that  I  would  temporarily,  until  a  sufficient  quantity  of  the  pure  mineral 

(not  the  sand)  be  obtained  to  submit  it  to  a  regular  chemical  analysis, 

estimate  the  constituents  of  Jeypoorite  to  be  about 

per  cent. 

Oxide  of  Cobalt    82 

„       Antimony 7 

„        Arsenic 0 

Sulphur     5 

100 

(20)  The  garlic  smell  of  volatilizing  arsenic  is  only  obtainable  from 
Jeypoorite  by  heating  the  mineral  carefully  with  a  ball  of  gold  upon 
charcoal.  Plattner  used  gold  for  separating  copper  from  its  arsenide  and 
that  of  nickel  (vide  his  *  Nickel  and  Cobalt  Assay,'  page  616  etseq.);  but 
ht  fuses  the  arsenides  with  the  gold  in  borax,  in  which  condition  it  would 
appear  that  the  gold  takes  up  some  arsenic  and  retains  it  (yide  Gmelin's 
•Chemistry,'  vol.  vi.  p.  238,  English  translation).  My  use  of  gold,  on 
the  contrary,  is  more  mechanical  than  chemical,  for  the  gold  ball  (weigh- 
ing about  100  mgrs.)  is  placed  in  a  round  cavity  made  in  a  charcoal 
mortar  ("  Pyrology,"  par.  88)  slightly  larger  than  its  diameter,  and  a 
crystal  of  Jeypoorite  put  on  the  ofEside  or  rear,  ».  e,  the  side  away  from  the 
blast.  The  whole  front  of  the  mortar  is  now  covered  with  an  H.  P. 
not  too  strong  (fig.  8,  "Pyrology"),  when  the  gold  becomes  red-hot,  but 
does  not  fuse*    The  cobalt  of  the  arsenide  has  now  a  tendency  to  reduction, 

to  join  the  gold  in  a  metallic  state,  while  the  arsenic  is  volatilized  by 
*  Neither  of  these  glasses  was  oolottred  up  to  the  standard  of  5  per  cent. 
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this  ftmount  of  heat ;  and  when  the  glowing  charcoal,  in  the  case  of  t/ey- 
jHxmte,  is  afterwards  held  under  the  nose,  a  distinct  and  even  strong 
smell  of  garlic  is  perceived.  If  fusion  of  the  gold  takes  place,  this  smell 
ceases  immediately.  There  is  also  emitted  from  Jeypoorite  thus  treated 
another  very  peculiar  but  indescribable  smell,  after  that  of  garlic  has 
ceased.  This  I  beliere  to  be  due  to  volatilinng  antimony ;  and  the  fact 
is,  so  far  as  I  know,  unnoticed  bj  writers  on  the  "  blowpipe "  since  the 
time  of  Cronstedt  ^  but  Yon  Engestrom  says  of  this  metal  (Translation  of 
Cronstedt's  'Mineralogy,'  by  Gustav  von  Engestrom,  London,  1772, 
p.  308),  "  Antimony  is  known  by  its  particular  smell,  easier  to  be  dis- 
tinguished, when  once  known,  than  described."  The  corrosion  of  plati- 
num by  Jeypoorite  powder,  mixed  with  a  large  amount  of  rust,  when 
roasted  through  it,  is  also  (in  my  opinion)  a  strong  proof  of  the  existence 
of  sulphide  of  antimony  (vide  "  Pyrology,"  par.  80) ;  for  in  this  case  I 
found  that,  thus  roasted,  Jeypoorite  considerably,  and  even  pure  Sb,0, 
slightly  corroded  the  platinum,  while  native  arsenic  and  arsenic  add  did 
not  do  so  at  all. 

(21)  When  the  gold  ball,  placed  with  a  crystal  of  Jeypoorite  on  char- 
coal, as  described  in  (20),  is  fused  by  an  O.  P.,  the  surrounding  ash  of 
the  charcoal  is  observed  to  be  tinged  with  a  beautiful  rose  tint.  This 
phenomenon  appears  to  be  due  to  the  formation  of  arseniate  of  cobalt,  and 
to  be  analogous  to  that  of  Erythrine  in  nature,  where  the  cobalt  oxide^ 
combining  with  arsenic  acid,  is  hydrAted  with  the  water  absorbed  chemi- 
cally from  the  atmosphere  by  the  latter.  Cronstedt  (*  Essay  towards  a 
System  of  Mineralogy,'  Lond.  1772,  Sect,  ccxlvi.  p.  230)  notices  this  fact 
under  the  article  "  Cobalt,"  which,  he  says,  "  when  united  with  the  calx 
of  arsenic  in  a  slow  (not  a  brisk)  calcining  heat,  assumes  a  red  colour : 
the  same  colour  is  naturally  produced  by  way  of  efflorescence,  and  is  then 
called  the  hloam  or  flowers  of  cobalt '*  The  fact  proves  the  truth  of 
Gmelin's  assertion,  that  fusing  gold  takes  up  a  certain  portion  of  arsenic* 
Another  proof  seems  shown  in  the  fact  that  the  gold  ball  thus  treated, 
assumes  on  the  surface,  when  rapidly  and  momentarily  heated,  a  dark 
reddish,  and  even  a  copper-coloured  yellow,  which  may  be  the  so-called 
**  rose-colour"  said  to  be  given  to  gold  by  Indian  goldsmiths,  but  which  I 
have  never  yet  seen  in  any  part  of  India. 

III.  "  On  a  Periodicity  of  Rainfall  in  connexion  with  the 
Sun-spot  Periodicity .''  By  C.  Meldrum^  Director  of  the 
Meteorological  Observatory,  Mauritius.  Communicated  by 
Sir  Edward  Sabine,  K.C.B.,  F.R.S.    Received  April  6, 1873. 

Assuming  that  there  is  a  sun-spot  periodicity,  in  the  course  of  which 
the  sun  undergoes  a  variation  with  respect  to  heat  or  some  other  form  of 
energy,  we  should  expect  to  find  a  corresponding  variation  in  the  state  of 
our  atmosphere. 
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With  tiaa  idea,  it  was  some  time  ago  determined  to  discuss  the  cyclones 
that  had  occurred  during  the  laat  twenty-five  yean  in  the  Southern  Indian 
Ocettn,  and  it  was  found,  what  had  been  often  surmised,  that  they  were 
more  frequent  and  more  violent  in  the  maTima  than  in  the  minima  sun- 
spot  years. 

It  is  well  known  that  the  cyclones  of  the  Indian  Ocean  are  attended 
with  much  run,  which  is  not  confined  to  the  body  of  the  storm,  but  ex- 
tends over  wide  areas.  Tears  remarkable  for  cyclones,  therefore,  should 
be  also  years  remarkable  for  rain ;  but  to  test  this  inference,  n-ith  regard 
to  the  Ijidian  Ocean,  we  had  no  nunfall  statistics,  except  eighteen  years' 
observations  at  Mauritius  :  and  these  were  in  every  respect  favourable, 
the  rwniest  years  having  been  those  in  which  cyclones  were  most  abun- 
dant. In  the  absence  of  other  data,  the  Brisbane  and  Adelaide  rainfalls 
were  consulted;  and  it  was  found  that,  like  the  Mauritius  rainfall,  they  indi- 
cated a  periodicity.  It  was  then  surmised  that  there  might  be  a  rainfall 
periodicity  generally,  and  that,  if  such  was  the  case,  both  it  and  the  cy- 
clone periodicity  wore  concomitant  effects  of  one  and  the  same  cause. 
This  supposition  having  been  strengthened  by  the  results  of  an  examina- 
tion of  the  rainf^of  England,  it  was  resolved  to  examine  all  the  rainfall- 
tables  (containing  one  or  more  sun-spot  periods)  that  could  be  obtained. 

The  first  step  was  to  ascertun  whether  there  was  any  marked  differ- 
ence in  the  amount  of  rainfall  at  or  about  the  turning-points  of  the  sun- 
spot  period.  This  has  been  done  for  eighteen  stations  by  adding  the 
rainfall  in  the  three  principal  years  of  maxima,  and  in  the  three  principal 
years  of  minima  sun-spots,  and  then  comparing  the  results.  The  follow- 
ing Table  gives  the  stations  and  the  years  of  obsenation : — 
Table  I. 


:.  Chratiaain  (ObwiTBtorj)    .... 

1.  Aberdeni    

|.  Arbroath    

i.  DBBDiton  Houw,  Ferlliahire   . 

i,  C-Brbelh-QnUirie,  near  QIaBfion' 

r.  Haddin^n  

I.  Greenwich  (Obwrralorj) 

l.  BruiBPli  (Obwirator}') 

).  Toronto  (ObeOTTBlory) 

r.  Ctlcutta 

1.  MadrM  (ObaerTBtorj) 

g.  Dpmerarn  {ObgeiTBlorj) 

(,  Msuritiin  (ObMTTntcirjJ 

;.  Briibane  (ObMrratorj) 

i.  NaUl  (ObiierTBtopy) 

r.  Capo  (Obsenstorj) 

r.  jBoulb  Australia  (Adelaide)... 


09  N. 

,  34N. 

;  ^6  N. 


1  06  W, 
»  -35  W. 

J  =3  W. 
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The  annual  rainfall  at  these  stations  is  given  in  a  subjoined  Table, 
from  which  we  obtain  the  following  results,  showing  the  ndnfall  at  eadi 
station  for  maximum-  and  minimum-sunspot  periods  of  three  years  each, 
the  maximum-  and  minimum-sunspot  jears  being  respectively  placed  in 
the  middle  of  each  three-year  period,  as  will  be  seen  on  reference  to  the 
Table. 


( l)  CllRISTIANIA. 

Max.  years.       Min.  jeara. 


in. 


64-65 
72*88 


in._ 

5975 
57-19 


137-53 

11 6*94 

(0 

Aberdeen. 

88*42 

77*38 
79-30 

9627 

4926 

71-54 
94-14 

9035 

34»'37 

305-29 

(3) 

Arbroath. 

79*4 
850 

79-7 
782 

164*4 

»57-9 

(4)  Dearston  Houbk. 

111-25 
121-85 

104*22 
ioo*95 

233-10 

205*17 

(5)  HADDI5GT0H. 

86*1 

7»-5 

70-3 
77-7 

158-6 


148*0 


(6)  Interesk. 

85-82  7679 

(7)  CARBETH-GurnRIE. 

125*94  130-84 

na-57  131-09 

139-79  124*60 

133*92  103*48 


(8)  GRBiNwicn. 
Max.  yean.       Min.  yean. 


ID. 


in. 


77-45 

82*31 

88-26 

82*84 

71*76 

63*08 

73*76 

67*10 

7830 

84-20 

38953 

379*53 

(9) 

BRU88KL8. 

85-26 

74*43 

91-23 

9504 

92*12 

75-54 

268-61 

145*01 

(10) 

TOROITTO. 

102*22 

iio'iS 

(I«) 

Calcutta. 

210*37 

218*76 

(i» 

)  Madras. 

175-0 

125*0 

(13) 

T>IMKRARA. 

331*46 

a75-94 

(14) 

MAumrnua. 

170-77 

i3»-33 

134-44 

120*72 

305-21 

25305 

(15)  QuEBXaLANB. 

124-07 

98-25 

(16)  Natal. 

81-41 

91*85 

(17)  Capb. 

8i*3 

64-5 

91*2 

69*2 

172-5  133*7 

(18)  South  Austraua. 
532-22  .490-01  64-44  5**90 

We  take  for  the  maximum-sunspot  years  1817,  1830,  1837,  1849, 
and  1860  ;  and  for  the  minima-years  1823,  1834, 1844, 1856,  and  1867. 
In  some  instances  we  cannot  get  three-year  periods  mtlxttj^  laaCTvnwfWk 
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or  Tniniimitn  year  in  the  middle*  This  happens  in  the  following  cases : — 
In  the  Aberdeen  series,  1865-67  has  been  taken  for  1866-68,  because  we 
have  not  the  observations  for  1868.  In  the  Deanston-House  series 
1837-39  has  been  taken  for  1836-38,  the  series  commencing  with  1837. 
In  the  Demerara  observations  1854-56  has  been  taken  in  place  of  1855-57, 
ttie  series  ending  with  1856.  The  years  1870-72  have,  in  the  Mauritius 
series,  been  taken  for  three  maxima-years  ;  but  if  1872  be  the  maximum- 
sunspot  year,  and  the  three  principal  maxima-years  be  1871-73,  the  rain- 
fall for  these  years  will  probably  be  still  greater ;  for  since  the  Ist  of  January 
1873,  38  inches  of  rain  have  fallen.  The  means  of  two  years  have  been 
taken  in  the  Brisbane  observations,  the  series  commencing  with  1860  and 
ending  with  1871.  In  the  Calcutta  and  Toronto  series  we  have  taken  the 
one  maximum-period,  and  the  mean  of  the  two  minima-penods. 

These  slight  deviations,  as  will  be  aftem^ards  seen,  do  not  affect  the 
general  results. 

Now,  collecting  the  sums  of  the  rainfall  in  the  maxima-  and  minima- 
periods  of  three  years  each,  we  get  the  following  Table : — 

Table  II. 


Stationi. 


Christiania 
Aberdeen  ... 
Arbroath  ... 
Deanston  ... 
Inreresk   ... 

Carbeth 

Haddington 
Greenwich. . . 

BrusseU 

Toronto, 

Calcutta    ... 

Madras 

Demerara... 
Mauritius... 
Queensland 

Natal 

Cape 

Adelaide   ... 


Bain&ll 

in 

max. 

periods. 


Sums. 


m. 

«37'53 

341*37 
164*40 

233*10 

85-82 

532*22 

158-60 

3»9'57 
268*61 

I02'20 

2io*37 
175*00 
33'*46 
305*21 
124*07 

81*41 
172*50 

6444 


BainfaU 
in 

min. 
periods. 


m. 

116*94 

305*29 

157*90 

205*17 

7679 
490*01 

148-00 

379'53 
245-01 

106*90 

218-76 

125*00 

*75-94 
254-06 

9828 

91*85 

133*70 

52*90 


387788 


3482*03 


Excess  or 

defect  in 

max.  periods 

on  min. 

periods. 


4- 

+ 
4- 
4- 
4- 
4- 
4- 
4- 


4- 
4- 
4- 

4- 

4- 
4- 


in. 

2o*59 

36*08 

6-50 
27*93 

903 
42*21 
io*6o 
10-04 
23*60 

470 

8*39 
50*00 

555» 
5115 

25-79 

10-44 

38-80 

"•54 


+  395*85 


Rainfkll 

in 

max. 

years. 


m. 

43*87 
1 10*64 

53*8o 

76*90 

31*97 

17571 
24*60 

132*74 
87*82 

-17-99 

52*61 

54*00 

132*22 

9243 

54*63 
30-60 

53*70 
a5*44 


1261*67 


BainfaU 

in 

min. 

years. 


m. 

39*90 

108*92 

58*50 

66*13 

a9*75 
168*30 

21*30 

i2o*39 

83-01 

28-05 

64*23 

45-00 

87*73 
82*20 

61*04 

3«*49 

4070 

19*67 


Excess  or 
defect  in 

max.  years 

on  min. 

years. 


1136-31 


4- 
4- 

4- 
4- 

4- 

H- 

4- 
4- 


4- 
4- 
4- 


4- 

4- 


in. 

3*97 
1*72 

4*70 

10*77 

2*22 

7-41 

3*30 

12-35 

4*8 1 

0-06 

11*62 

9*GO 

44*49 
10*23 

6*41 

0*89 

13*00 

5*77 


4-105*36 


The  above  Table  comprises  the  results  of  all  the  rainfall-tables  I  can 

find  containing  a  maximum-  and  a  minimum-period.      Now  we  see  that, 

in  the  maximum-sunspot  periods  of  three  years  each,  the  rainfall  at  the 

eighteen  stations  was  996*85  inches  greater  than  in  the  minimum-sunspot 


—  T 
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periods  of  three  years  each,  and,  which  is  still  more  striking,  that  the  ex- 
cess is  on  the  side  of  the  mazima-periods  at  fifteen  out  of  the  eighteen 
stations. 

In  the  last  three  columns  I  have  given  the  total  rainfall  for  the  single 
maximaryears  1817,  1830,  1837,  1849,  .and  1860,  and  for  the  single 
minima-years  1823,  1834,  1844,  1856,  and  1857,  with  the  excesses  and 
defects ;  and  we  find  a  total  excess  of  105*36  inches  in  favour  of  the 
maxima-years,  only  five  stations  showing  an  excess  on  the  other  side. 

The  unfavourable  stations  are  Toronto,  Calcutta,  and  Natal ;  and  it 
should  be  remarked  that  at  Toronto  the  snow  was  not  melted,  but  one 
tenth  of  its  depth  taken  to  represent  an  equivalent  depth  of  water,  while 
Mr.  Blarifone,  the  meteorological  reporter  to  the  Bengal  Government, 
has  expressed  a  doubt  as  to  the  accuracy  of  the  Calcutta  observations  in 
the  earlier  part  of  the  series.  If,  however,  we  had  taken  the  years  1847-49 
in  place  of  1848-50  for  the  maximum-period,  the  Calcutta  observa- 
tions would  have  given  a  difEerent  result.  With  regard  to  Natal,  the 
geographical  pectdiarities  described  by  Dr.  Mann  probably  render  that 
station  unfavourable  for  showing  in  a  few  years  any  periodicity  that  may 
exist. 

Having  ascertained,  then,  that  there  is  at  nearly  all  the  above  stations 
a  very  remarkable  difEerence  in  the  amount  of  rainfall  at  or  near  the 
turning-points  of  the  sun-^pot  period,  the  next  step  is  to  find  the  effect 
of  grouping  the  observations.  For  this  purpose  we  give,  in  the  first 
place,  the  rainfall  at  as  many  stations  as  possible  in  each  minimum-sun- 
spot  year,  and  in  each  two  or  three  years  on  either  side  of  it ;  and,  in  the 
second  place,  we  give  the  rainfall  for  each  maximum-year  and  two  or 
three  years  on  either  side  of  it.  If  we  do  not  find  any  tendency  to 
an  equalization  of  the  annual  rainfall,  we  shall  have  further  proof  of  a 
periodicity. 


Table  III.  (Minimum-year,  1834). 


Stations. 

1831. 

1832. 

1833. 

1834. 

1835. 

1836. 

Ab6rde6n .*.* 

in. 
29*16 

49'59 
34-48 

in. 

2 1 '07 
40-29 
30-69 

in. 

22*04 
46*12 
29*79 

in. 
1228 
4237 
23*84 

in. 

14*94 
42*60 
29*21 

in. 

2469 
53*90 
31*01 

Carbeth 

Greenwich    

Total 

"3*a3 

92*05 

97*95 

78-49 

86*75 

109-60 

Means 

3474 

30*68 

32*65 

26*16 

28*92 

3653 

The  above  Table  shows  no  tendency  to  an  equalization,  but  to  the 
formation  of  a  curve,  the  lowest  point  of  which  corresponds  with  the 
minimum-sunspot  year. 
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Stations. 

1 841. 

1842. 

1843. 

1S44. 

1845. 

1846. 

Cbristiania    

in. 

2485 
27*38 
32*15 

47*42 
24-30 

28*76 

30*72 

17*96 

in. 
12*93 
2  5*39 
30*80 

37*39 
17*30 

20*03 

*4*77 
to*  32 

in. 
19*15 
22*84 
30-70 

36*89 
22*30 

22*52 
31-63 
17-19 

in. 

19*63 

21*70 

2938 

37*69 

21*30 

21*87 

3>*55 
16*88 

in. 

»3*57 
27*00 

44* '4 
50*02 

26*70 

18*69 

31*86 

18-83 

in. 

21*14 

30*30 

44*10 

49*38 

29*80 

a3*54 
24*96 

26*88 

Aberdeen  

Deaiiston  • 

Oarbeth 

ITa^dinffton  ..r......r.T 

Greenwich    

BmMele 

South  Auitralia  

fiiitwa 

*33*54 

1 
188*93      200*62 

200*00 

240*81 

250*10 

Menns   ...........,"-  T  r . 

29*19 

»3*6» 

25*08 

25*00 

30*10 

31*26 

The  above  Table  gives  results  similar  to  those  of  Table  II. ;  only  the 
year  of  minimum  rainfall  is  1842  in  place  of  1844. 


Table  V.  (Minimum-year,  1856). 


Stations. 

1853. 

1854, 

1855. 

1856. 

1857. 

1858. 

1859. 

Christiania    ... 

Aberdeen  

Arbroath  

Beanston  

Inveresk   

Haddinfiton  ... 
Ureenlfioh    . . . 

Brussels    

Kauritins 

CSape 

in. 

12*89 
21*33 
27*60 

38*70 
28*33 

23*40 

29*00 

26*65 

39*82 

21*20 

26*99 

in. 
17*69 
1 6*45 
20*90 

4215 
21*68 

2J*10 
19*00 
2867 

39*43 

20*00 

«5*34 

in. 

1915 

2329 

21*20 

2865 

21*43 

21 '00 

23*80 

26*15 

42*66 

24*60 

23*14 

in. 
2027 

43*78 
32*20 

3675 
29*76 

28*50 

21*90 

3'*34 
4623 

21 '90 

24*92 

in. 

17*77 
27*07 

24*80 

35*55 
25*61 

28*20 

21*40 

1805 

43*44 
22*70 

21'l6 

in. 

20*42 

28-29 

24*40 

40*40 

23*58 
23*20  • 
17*80 
1992 

35*50 
24*10 

21*52 

in. 

20*78 
3065 
25*20 

43*85 

2534 
24*70 

25*90 
29*68 
56*87 

3670 
14*84 

^'^i"'  *•• ••• 

South  Australia 

Sums 

295*31 

264*31 

*75*o7 

337*55 

285*75 

279*13 

334*5* 

Means  ......... 

26*85 

24*03 

25*01 

30*69 

2589 

25*38 

30*41 

The  above  Table  makes  1854  the  driest  year,  and  1856  and  1859  the 
wettest  years,  although  1856  was  the  minimum-sunspot  year.  From 
1854  to  1856  the  rainfall  increased,  and  then  decreased  tiU  1859.  All 
the  eleven  stations  except  three  are  in  Europe.  I  have  compiled  from 
vol.  i.  of  the  *  Keport  of  the  U.S.  (Commissioner  of  Patents '  the  fol- 
lowing Table,  showing  the  rainfall  at  eleven  stations  in  the  United 
States  in  the  years  1854-59 : — 
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Table  YI. 


Stationi.                   1I54. 

.iss 

l!5«. 

.857. 

.115!. 

i!59- 

4S'03 
45'9o 
43' '3 

\\& 

1" 

3644 

till 

39*05 

lis 

3034 
343  S 
J13; 

40-97 

38-59 

39-66 
449° 
44*;  S 

in. 

4»-S7 
4194 

"f 

4i-64 
40-10 

41-35 
40jr 

4«-7' 
16-78 
4+Si 

1:1 

49-J' 
45  59 
4»"4i 

47-63 
44-33 

*9'S 

45-.6 

New  Bedford    

Moiwili^    

+4S'ii    [  4S0-1S 

3S9'77      49°*»» 

46«-o. 

S0606 

4»-SS 

4A-01 

These  American  obterr&tioiiH  are  the  only  additional  oiieB  we  hare  for 
the  above  period;  uid  they  make  1856  the  minimnm-runfall  jear. 
Combining  the  means  in  Tables  V.  and  VI.,  we  get ; — 


ISJ*. 

>«ss 

1156. 

ilS7. 

lis!. 

'<59- 

Ueani    .  ..  , 

3»-*S 

in. 
3433 

3170 

3473 

?3> 

yi"» 

showiog  that  the 
minimum-.year. 


o£  twenty-two  stations  still  make  1856  the 
Table  VIII.  (Minimum-year,  1867). 


StatioQi.     - 

.g6j. 

.164. 

igfij. 

tUi. 

1867. 

1I6I. 

14-70 
i9-!o 

mi 

.S-6o 

in. 
ij-jo 

.6-90 
14-15 

11^ 

in. 
1790 

iS-;o 
44-73 
14-11 
>8-70 

in. 

15-70 

10-70 

10-57 

17-M- 

iS-»o 

in. 

30-50 
18-40 

35-97 
61-04 

11-90 

In. 
33-60 

J  5-9* 
"■9° 

flnt... 

.71-34 
34-47 

l4°-gS 

•44- >4 

"33-4" 

>7S-8l 

181-76 

Ueaiu   

1S17 

.883 

16-6S 

35-76 

J6-JS 

The  driest  year  at  these  statioaa  was  1 
rainiest  years. 


;  and  1867  was  one  of  the 
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Collecting  the  means  in  Tables  HE.,  IV.,  V.,  and  VI.,  we  get  the  next 
Table,  showing  the  mean  rainfall  in  the  jears  1834,  1844,  1856,  and 
1866,  and  in  the  years  on  either  side  of  them. 

Table  IX. 


Years. 

BainfaU. 

Means. 

in. 

in. 

1832, 

1842, 1854, 

X864 

X 14-72 

2868 

1833. 

1843. 1855, 

1865 

120-89 

30-22 

1834. 

1844, 1856, 

1866 

109*53 

2738 

1835. 

1845,  X857, 

X867 

129*51 

3238 

1836. 

1846, 1858. 

1868 

13769 

34*4* 

Taking  now  each  maximum-sunspot  year,  and  two  or  three  years  on 
either  side  of  it,  we  get : — 

Table  X.  (Maidmum-year,  1837). 


Stations. 

1834. 

in. 
1228 

4»-37 
2384 

20'I2 

1835. 

1836. 

1837. 

1838. 

Aberdeen  

in. 

14-94 
42-61 
29*21 

3^4-33 

in. 

24*69 

5390 

31-01 

32-59 

in. 

2029 

43-16 

19*11 

2915 

in. 
32-40 

4273 
21*64 

13*52 

Carbeth 

Ghreenwich    

Brussels    

Sums 

98-61 

11108 

14219 

111-71 

120*29 

Means  

2465 

27-77 

35*55 

a7'93 

30*07 

Table  XI.  (Maximum-year,  1848.6). 


Stations. 


1846. 


Christiania   .... 

Aberdeen 

Arbroath  

Deanston  

Haddington,... 

Carbeth 

Greenwich    .... 

Brussels    

Demerara 

Cape 

South  Australia 

Sums 

Means   


in. 

21*14 

30*30 

29*70 

4410 

29*80 

49-38 

*3*54 

H-95 
85-65 

22*50 

26*88 


38794 


35*57 


1847. 


in. 

1465 

19*50 

25*30 

3765 

20*70 

39'57 
12-82 
2407 
89*98 
22*40 
27'6i 


334aS 


30-39 


1848. 


in. 

25-00 

32-70 

33-00 

42-60 

28-90 

49'8i 

30'20 

31*32 

101*90 
23-20 

19*73 


418*36 


38*03 


1849. 


m. 
17*16 
25*10 
23*50 
40*00 
22*40 
41*71 
23*90 
i6*97 
132*22 
24*60 

*5*44 


403*00 


36*64 


1850. 


372*49 


33*86 


1851. 


in. 

in. 

20*49 

18*48 

21*50 

21'l6 

22*90 

23*30 

3925 

3»-47 

21*20 

22-40 

42*40 

37'4S 
21 -60 

19*70 

31-94 

30*39 

9734 

102*84 

33*50 

20*30 

19*27 

3063 

361*02 


32*82 
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Stations. 


Christian  ia 
Aberdeen  ... 
Arbroath  ... 
Deanston  ... 
Haddington 
Inveresk  ... 
Greenwich 
Mauritius... 
Cape 

Sums 

Means  


1858. 

1859. 

i860. 

1861. 

1862. 

1863. 

in. 

in. 

in. 

in. 

in. 

in. 

20*42 

20*7^ 

26*71 

a5-39 

25*12 

21*79 

28*29 

3065 

34-65 

30-97 

30*77 

25-74 

24*40 

25*20 

30*30 

2950 

31*20 

24*70 

40*40 

43-85 

37-30 

45-05 

51-55 
29*80 

44*55 

23*20 

24*70 

27*30 

2590 

23-00 

23*58 

a5-34 

31*97 

28*51 

3289 

29*10 

17*80 

2590 

32*00 

20*40 

26*50 

19*80 

35-51 

56*87 

4516 

68*73 

28-40 

33-42 

24*10 

36-70 

29*10 

25*40 

32*01 

25*60 

237*70 

290*04 

294-49 

299*85 

288*24 

247*90 

26*41 

32*23 

32*72 

33-3* 

3203 

27*54 

Combining  the  means  in  Tables  X.,  XI.,  and  XH.,  we  get : — 

Table  XIII. 


Years. 

RainfaU. 

Means. 

1814, 184.6,  ]8CQ  

in. 
92*15 
90*88 
107*50 
96*60 
92*36 

in. 

30*72 

30*29 

35-83 
32*20 

30*79 

i87<.  1847.  i860  

18-16,  1848.  I86I    

1817,  1840,  1862 

1818,18(0,1861 

The  last  four  Tables  show  an  increase  of  rain  at  or  yery  near  the 
maximum-sunspot  year ;  and  there  is,  upon  the  whole,  a  distinct  ten- 
dency to  an  ascent  and  descent. 

Comparing  Tables  IX.  and  XTTT.,  we  find  that  the  mean  rainfall  in  the 
minimum-sunspot  years  1834,  1844,  1856,  and,  1866  was  27*38  inches, 
and  in  the  maximum-sunspot  years  1836,  1848,  and  1861,  35*83  inches, 
giving  an  excess  of  8*45  inches. 

With  the  exception  of  1842,  all  the  years  of  minimum  and  mi^TiTiiiiyn 
rainfall  shown  by  the  Tables  are  within  a  fraction  of  the  corresponding 
minmum-  and  maximiun-sunspot  year. 

The  last  Table  I  beg  to  present  is  one  showing  the  annual  fall  at  eighteen 
stations.  An  inspection  of  it  will  show  that,  generally,' the  maxima- 
periods  of  those  years  give  each  more  rainfall  than  any  other  three  con- 
secutive years,  and  the  minima-periods  less  rain  than  any  other  three 
consecutive  years,  in  each  set  of  observations. 

There  are  no  doubt  errors  of  observation,  as  well  as  discrepancies, 
arising  from  changing  the  forms  and  positions  of  the  gauges ;  and  it  is 
difficult  to  believe  that  more  correct  observations  would  not  have  given 
still  more  remarkable  results. 
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liBVx  XIV.  (otntiMwl). 


BainTkllJ      Y«ar*. 


..845-. 


.  50-0; 


i<S» 3°"'7 

"<S3 »»-33 

'SS4 »'« 

•"'SS »'  « 

"'ISfi »9-7S 

'">57 >5-*' 


iBjg... 


iJSS 


"860 3'97 

j-|«i l!si 

1S61 3119 

"863 i-J'O 

1864 19'4S 

'865 »7-78 


'f'J  -  41-39 

'"<'* 39S9 

"*I7 4496 

"*'* 4"'39 

i8'9 4»  84 

iiziZ'.'.'.'..'.'".  47-37 

"'»" 4S-3» 

"'813 47'90 

•"«»♦ 37-«» 

1S15 36-4! 

>»»7 4596 

"8»» 4S-30 

"»i9 37'o 

'>»3<' 4S" 

■"S3' 49S9 

■831 4°»9 

"'833 46" 

"'834 4»'37 

""83s 4160 

"836 539° 

■"*37 4J>S 

"!38 4»73 

"*39 46'95 

'840 3989 

1841 47'4» 

'84» 3739 

"'J43 3'-89    , 

«"844 37-69    I 


49-38 

■"47 39-57 

xi84i 49'8i 

■"S49 4'-7" 

*'8!o 4»-4'> 

185' 37-45 

"85* S'-55 

i8s3 40-'8 

'854 4»-4> 

"'Sss 30-54 

"'SS* 4C-34 

I'SS? 3»-«o 

1858 41'»9 

1859 3934 

Qreemtk'ii. 

1815 lo'sa 

^"816 17-49 

"8>7 16-59 

■"8>« 13-37 

li'g 18-14 

'810 »S-70 

'811 3''S3 

tiSii »495 

"'813 HI8 

"'814 31-98 

1816 io-7r 

i8»7 "-38 

i8i8 iS-44 

"819 »»-64 

"S30 3'-'4 

■"831 34'48 

'83» 30-69 

"■8j3 19-79 

"'834 13-84 

"'83! 19I' 

"836 3I-o> 

"*37 '9'' 

"838 "■64 

"839 17-09 

1840 '8-4J 

■841 18-76 

1841 ^o-os 

'■'843 "'S* 

"i844 i'-87 

"'345 "8-69 

1846 iJ-54 

'847 "-81 

^■1848 30-10 

J-1849 13-90 

J^i8so 19-70 


>8si 3H 

'853 15 

'fS4 "S 

"855 »3 

"856 1. 

"857 " 

iSjg 13 

r'859 '5-90 

riS63 31 

iri86i «  . 

~i6t 16-50 

I63 19-80 

I65 18-70 

<66 30-70 

nitSj 18-40 

11RU iS'io 

1869 14-00 

Bbcmil*. 

"833 i9'9> 

"834 lo-i, 

"835 14-33 

"8l< 3*59 

"837 i9''S 

'•838 13-51 

i8j9 30-61 

■840 »S-77 

184" 30-71 

<l4» »4-77 

"843 3'-6l 

«>8+4 J'-SS 

"'845 3'-*6 

"846 14-95 

1847 14-07 

^1848 3'-Ji 

J"849 i6'97 

'1850 31-94 

">S" 3°-J9 

"851 35-00 

1853 »«*05 

■>54 *8-67 

««8SS »6->S 

•1856 ji-34 

"'857 18-05 

'8S> I9-91 

.riS59 19-68 

rtS6o 31-70 

*l86l JO'74 

Touno. 

'854- 3> 

«">S5 41-SS 

nig56 il'oj 

2c 
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BaJn&ll.      Tean. 


Bainrall.      Ytvta, 


«'8S7 *»•$* 

i^SS 3»-S9 

*1>S9 39?* 

Z1I60 *7'99 

1B61 34-07 

1863 J177 

1864 369s 

1865 3*-9] 

w!" 19"4» 

«ii6g ]4.'ig 

'869 3964 

Calcutta. 

'8i3 S>'o8 

1854 «-47 

«'8SS 7037 

«'8sfi 6473 

"857 fi»-97 

"8i8 5976 

*ISS9 63'66 

J1J60 51-61 

«iS£i (910 

"861 73-4! 

i86j fins 

1864 H" 

'865 6ijS 

I11S66 6574 

11867 76-71 

n\%f>% 91-49 

1869 66'04 

1S70 6o-i6 

1871 933' 

MAttBjkS. 

•"843 41-0 

'"!4+ 4S-0 

"1*45 39-'> 

1846 

J1847 8i-o 

■"848 40-0 

'1849 54-0 

Dehxriha. 

1846 85-65 

'847 87-98 

'1849 '3»-" 

"850 S7-34 

"851 >oi-34 

•8i».... 94-54 

"«S3 74-84 

"■8S4 94-89 


Mavritids. 

•853 39-83 

'85+ 39-43 


.  j6S7 

■  4S'7 

■  6873 


o'S7 


1865. .. 
fli866... 

"'867 35-97 

ni868 64-18    i 

'86j J4-S7    l| 

■"87° 45-57    ,1 

■"87J 4716     1 


ni867 61-04 

■868 35-98    , 

■869 54-36    I 

J1870 7906 

'1*7" 45-43 

Natal  (Maritzburg).     , 


1864 J7-3' 

^^1865 31-08    I 

II866 19-18 

11867 3'-49 

Cape  {Otaorralonr). 


111856... 
n8s7.,. 
.858... 


1863... 

.864... 
1865... 

11866,.. 
11867,.. 
11868... 
1869... 


15-6 
i|-9 
18-7 


(Adflnidc). 

'839 '9-84 

'840 I4-" 


»6'88  j 

'847 »7'6i  1 

11848 19-73 

"849 »S-+4  I 
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IV.  ''  On  the  Heating  of  a  Disk  by  rapid  Rotation  in  vacuo  J*  By 
Balfour  Stewart,  M.A.,  P.R.S.,  Professor  of  Natural  Phi- 
losophy in  Owens  College,  Manchester,  and  P.  G.  Tait,  M.A., 
Professor  of  Natural  Philosophy  in  the  University  of  Edin- 
burgh.   Received  April  10,  1873. 

2Q.  In  two  previous  communications  (Proc.  Roy.  Soc.  June  16,  1865| 
and  No.  88, 1866)  to  this  Society,  we  gave  an  account  of  some  experi- 
ments which  we  had  made  upon  the  heating  of  a  disk  through  rotation 
in  vacuo.  In  these  experiments  the  increase  of  radiation  of  the  heated 
disk  was  observed  by  means  of  a  delicate  thermopile  and  galvanometer. 
Three  aluminium  disks  of  various  thicknesses  and  one  ebonite  disk  were 
used ;  and  the  results  derived  from  the  experiments  were  as  follows  :'— 

(1)  The  heating  effect  obser\'ed  appeared  to  be  independent  of  the 
density,  and  of  the  chemical  constitution,  of  the  residual  air  and  vapour 
surrounding  the  disks. 

(2)  The  quantity  of  heat  developed  under  similar  circumstances  of 
rotation  in  three  aluminium  disks  *05,  *0375,  '025  of  an  inch  in  thickness 
respectively  appeared  to  be  the  same,  inasmuch  as  the  relative  themu)^ 
metric  effect  for  these  disks  varied  inversely  as  their  thickness. 

(3)  Besides  the  heating  effect  alluded  to  in  (1)  and  (2),  there  was 
found  to  be,  when  the  vacuum  had  been  recently  made,  a  strictly  tempo^ 
rary  effect,  sometimes  in  the  direction  of  heat,  sometimes  in  that  of  cold, 
owing  probably  to  the  condensation  or  evaporation  of  small  quantities  of 
aqueous  vapour ;  but  this  effect  was  only  noticeable  during  rotation,  dis- 
appearing the  moment  the  motion  was  stopped. 

27.  The  experiments  described  in  these  conununications  were  resumed 
in  1870.  In  the  interval  an  addition  had  been  made  to  the  apparatus,  in 
virtue  of  which  an  ordinary  carbonic-acid  vacuum  might  be  subjected  to 
the  influence  of  a  vessel  containing  potash  allowed  to  open  in  it,  and  thus 
to  absorb  as  much  as  possible  of  the  remaining  gas. 

On  May  4  a  carbonic-acid  vacuum  was  obtained  by  this  means  (pres- 
sure 0*05  in.).  A  disk  made  of  cartridge-paper,  when  made  to  rotate  in 
this  vacuum,  gave  a  very  perceptible  result.  Carbonic  acid  was  then 
allowed  to  enter  the  vacuum  until  the  pressure  became  0*65  in.  The 
consequence  of  this  increased  pressure  was  in  this  instance  an  increase  in 
the  effect,  which  was  probably  of  a  permanent  nature,  inasmuch  as  it  re- 
mained after  three  days.  Unfortunately  the  exact  increase  was  not 
noted;  but  it  is  beheved  that  the  heat-indication  became  about  three 
times  as  great  in  consequence  of  the  additional  pressing. 

2S,  On  May  11  another  carbonic-acid  vacuum  was  made  (pressure 
0*12  in.),  and  at  the  suggestion  of  Professor  Maxwell  a  sulphurio-a£i^ 
gauge  was  placed  in  the  receiver.    A  rotatioikNVSA  >3[isai&3^^%  ^a^**d(^.^ 
result  of  the  rott^tioa  was  a  hardly  percep\i\>\Q  tiia©  Vxk  V)iaft  %\iiLi^Jtoss«r%«»^ 
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gauge.    We  may  therefore  imagine  that  the  residual  air  was  not  greatly 

heated. 

29.  On  May  16  another  carbonic-acid  vacuum  was  obtained  (pressure 
0*08  in.),  and  with  an  ebonite  disk  of  about  ^  inch  thickness,  the  heat- 
indication  was  16.  Carbonic  acid  was  introduced  until  the  pressure  was 
1-6  in. ;  but  the  indication  was  only  18.  This  result  is  in  conformity 
with  our  preyious  experiments,  in  which  an  increase  of  pressure  of  the 
residual  air  produced  little  or  no  effect. 

30.  The  ebonite  disk  was  likewise  tried  in  a  carbonic-aoid  vacuum, 
pressure  0*04  in. ;  and  also  in  one,  pressure  0*02  in.,  which  was  the 
lowest  we  could  obtain.  The  result  of  these  experiments  appeared  to 
show  that  in  all  probability  the  cartridge-paper  disk  radiated  more  than 
twice  as  much  as  the  thin  ebonite  disk.  The  experiments  were  put  a  stop 
to  by  a  collapse  of  the  glass  receiver  during  rotation,  fortunately  with- 
out injuring  any  one  present. 

31.  In  June  1871  the  experiments  were  resumed.  In  the  mean  time 
Mr.  Beckley  had  fitted  the  apparatus  with  an  arrangement  working 
through  a  barometer-tube,  by  means  of  which,  instead  of  trusting  to  ra- 
diation, the  disk  itself  might,  after  rotation,  be  tapped  by  means  of  the 
pile,  which  could  be  brought  up  to  it  and  then  withdrawn.  By  this 
means  a  much  larger  effect  might  be  obtained  ;  and  it  became  possible,  by 
varying  the  adjustment,  to  find  according  to  what  law  the  heat  effect 
varies  with  the  distance  from  the  centre. 

32.  These  experiments  were  conducted  in  the  following  manner; — 
The  disk  was  first  of  all  tapped  before  rotation  several  times ;  at  each 
tapping  the  momentary  swing  of  the  needle  was  recorded,  and  the  mean 
of  the  readings  was  regarded  as  indicating  the  state  of  the  disk  with  re- 
spect to  heat. 

The  disk  was  next  tapped  after  rotation,  and  the  difFerence  between 
the  readings  before  and  after  was  taken  as  indicating  the  change  in  the 
state  of  the  disk  produced  by  rotation.  In  the  later  experiments  the  disk 
b3fore  rotation  was  kept  in  slight  motion  in  order  to  equalize  any  ten- 
dency to  unequal  heating  of  its  various  parts ;  but  this  was  not  done  in 
the  experiments  of  June  1871.  In  these  experiments  (June  1871)  the 
disk  was  of  brown  paper,  and  the  results  obtained  were  as  follows : — For 
a  carbonic-acid  vacuum  (pressure  0-065  in.)  a  swing  of  307  divisions  was 
recorded,  while  for  a  hydrogen  vacuum  (pressure  0*150  in.)  a  swing  of 
281  divisions  was  recorded.    Each  result  was  the  mean  of  three  rotations. 

33.  The  next  experiments  were  made  in  January  1872.  The  galvano- 
meter was  one  of  Thomson's,  but  more  adapted  for  battery  currents,  and 
hence  not  in  a  very  delicate  state  for  these  experiments ;  the  time  of 
vibration  of  the  needle  w^as  3  seconds.  The  disk  used  was  of  ebonite 
(thickness  about  ^^^  in.).  The  ebonite  of  this  disk  was  completely  black  ; 
and  in  tbia  respect,  as  well  as  in  being  thinner,  it  differed  from  the 

ebonite  disk  Sret  used  in  the  nidiation-^xpeimeiiit^  (wV*  ATV    li^  the  pre- 


1873.]  Disk  by  rapid  Rotation  in  vacuo.  311 

sent  experimeuts  the  centre  of  the  pile  was  made  to  tap  the  disk  at  a 
distance  of  1*5  in.  from  the  rim.  The  amount  and  velocitj  of  rotation 
were  represented  by  30  turns  of  the  handle,  or  3750  turns  of  the  disk,  in 
about  40  seconds.  The  following  results  were  obtained,  a  result  repre- 
senting on  an  average  somewhat  more  than  four  rotations : — 

Pressure  of  Heat»indioation  for 

residual  gas,  x— ^  ^ 

in  inches.  Dry  hydrogen*         Dry  air.      Dry  carbonic  acid. 

(A)  ^^ 11-5  35-0  33-0 

(B)  ^ 7-5  15-0  15-0 

It  would  thus  appear  that  the  results  derived  by  tapping  are  very 
different  from  the  radiation-results,  inasmuch  as  in  the  former  the  efEect 
of  the  pressure  and  quality  of  the  residual  air  is  very  apparent,  while  in 
the  radiation-results  it  is  hardly  perceptible.  A  probable  explanation  of 
this  will  be  given  afterwards  (art.  46) ;  but  in  the  mean  time,  in  view  of 
these  results,  it  will  be  expedient  to  discuss  them  quite  independently 
and  by  themselves,  with  the  view  of  ascertaining  whether  they  can  best 
be  explained  by  a  gas-effect  alone,  or  whether  they  likewise  indicate  a 
residual  effect  independent  of  gas. 

34.  With  this  object  let  us  take  ^ — ^^^   ^  as  representing  the  w7u>U 

effect  at  a  pressure  of  ^  in.,  due  to  whatever  cause  or  causes*  We  thus 
obtain 

Dry  hydrogen.        Dry  air.     Dry  carbonic  acid. 
Whole  effect  at /^ . .  9-5  25-0  24-0 

Again,  let  us  suppose  that  (A)— (B)  denotes  the  gas-affect  for  |^  in.,  and 

we  obtain 

Dry  hydrogen.         Dry  air.      Dry  carbonic  acid. 

Gas-effect  at  ^^ 4-0  20-0  18-0 

Finally,  let  us  regard  as  utilcnown  residual  effect  the  difference  between 
the  wlvole  effect  and  the  gas-effect^  and  we  obtain 

Dry  hydrogen.        Dry  air.     Dry  carbonic  add. 
Residual  effect    ....  5*5  5*0  6-0 

35.  Similar  experiments  with  the  same  galvanometer  were  made  with 
a  disk  of  cartridge-paper,  of  which  the  pores  were  filled  with  solid 
paraffin.  And  here  we  may  mention  that  in  all  experiments  with  paper 
disks  a  small  wooden  attachment  was  placed  at  some  little  distance  be* 
hind  the  disk  and  at  the  height  of  the  pile,  and  against  this  the  disk  was 
pressed  during  tapping — care  being  taken  that  the  disk  did  not  touch  it 
during  motion,  but  only  when  it  was  pressed  against  it  by  bringing  up 
the  pile. 

With  this  paper  disk  the  amount  and  speed  of  inotk«L^^T^^fc«^'t«?«i\s^^ 
by  30  turns  of  the  handle,  or  3760  turns  ol  tYi^  ^V,m^  wiwi^*  "^^^ 
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results  were  as  follows,  a  result  representing  on  an  average  somewhat 
less  than  four  rotations : — 

Preflsore  of  Heat-indication  for 

residual  gas, * 


in  inohee.  Pry  hydrogen.         Dry  air.      Dry  carbonic  acid. 

(A)  ^     27-0  55-0  55-0 

(B)  ^.    23-0  35-0  32-0 

Treating  these  results  in  the  same  manner  as  those  of  the  ebonite  disk, 

we  obtain : — 

Dry  hydrogen.         Dry  air*     Dry  carbonic  acid. 

Whole  effect  (^) . .  25-0  45-0  43-5 

Gas-eflect  (^) ....  4-0  20-0  23-0 

Eesidual  effect  ....  21-0  25-0  20-5 

36,  Now,  if  we  suppose  that  there  is  only  one  effect  due  to  gas,  it 
follows : — 

(a)  That  the  proportion  between  the  effects  due  to  the  yarious  gases 
0xperimented  on  (and  all  of  the  same  pressure)  is  nevertheless  different 
for  the  two  disks. 

(/S)  That  the  proportion  (for  the  same  disk)  between  the  effects  due  to 
the  various  gases  experimented  on  is  different  according  to  the  pressure. 

If,  however,  we  suppose  that  there  are  two  effects,  one  of  which  is  in- 
dependent of  the  residual  gas,  we  find : — 

(a)  That,  as  regards  the  gas-effect,  the  proportion  between  that  due  to 
the  various  gases  is  nearly  the  same  for  both  disks.  Thus  in  the  ebonite 
disk  we  have  4,  20,  18,  while  in  the  paper  disk  we  have  4,  20,  23  as  re- 
presenting the  gas-effect  for  the  various  gases. 

(fi)  That  the  residual  effect  in  either  disk  is  nearly  the  same  for  the 
various  gases.  Thus  in  the  ebonite  disk  we  have  5*5,  5*0,  6*0,  while  in 
the  paper  disk  we  have  21*0,  25*0, 20'6  as  representing  the  residual  effect 
for  the  various  gases. 

The  results  are  thus  much  more  simple  on  the  hypothesis  of  two  effects, 
one  of  these  being  independent  of  the  residual  gas,  than  on  the  hypothesis 
of  only  one  effect. 

37.  It  was  next  endeavoured  to  ascertain  whether  these  two  effects 
were  differently  influenced  by  a  blind. 

A  linen  blind  was  first  used  before  the  thin  ebonite  disk,  which  it 
cloaked  during  rotation,  falling  do\*Ti  afterwards.  During  rotation  the 
blind  did  not  appear  to  touch  the  disk.  A  delicate  galvauomer  was  used 
for  this  experiment ;  and  the  time  of  vibration  of  the  needle  was  2  seconds. 
The  rotation  consisted  of  30  turns  of  the  handle  in  40  seconds,  as  before. 
The  following  result  was  obtained  (each  number  representing  the  mean 
of  two  observations) : — 

Without  blind.    With  blind. 
^  at  dry  hydrogen 165  127 

^  hfdrogeu+^^  idr    477  248 
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Thus  the  proportion  between  the  two  effects  is  greatly  altered  by  the 
blind ;  for  while  the  hydrogen  effect  is  not  much  diminished,  the  other  is 
reduced  to  little  more  than  one  half. 

38.  A  chamois-leather  blind  was  next  used,  which  lay  close  to  the  disk 
during  rotation.  For  all  these  experiments  the  time  of  vibration  of  the 
galvanometer-needle  was  20  to  30  seconds,  while  the  speed  was  the  same 
as  before.  Also  the  disk  was  tapped  immediat-ely  after  rotation,  and 
then  again  at  the  interval  of  one  miaute ;  and  in  order  to  obtain  as  many 
indi\idual  results  as  possible,  the  mean  of  these  two  tappings  has  been 
taken  in  the  following  comparison  : — 

Without  blind.  With  blind. 

2     r  1     1    1  KQ  f  mean  of  76  indivi- 1     co  f  mean  of  22  indivi- 

,V  of  dry  hydrogen .    53  {  ^^  observatioiw. }    ^^  (  dual  observatiom,. 

i,  hydrogen + A  air  21?  (  TT  k  ^^  "f^'  1 140  j  ^^  f  ^^  ^*^- 
joj      &      rgo  'j^  dual  observ'ations.  J  \  dual  observations. 

Here  also  we  find  that  the  proportion  between  the  two  eff^ts  is  greatly 
altered  by  the  blind;  so  that  while  the  hydrogen-effect  is  not  much 
stopped,  the  other  is  diminished  very  considerably. 

39.  A  set  of  experiments  of  8  observations,  each  similar  to  those  of 
arts.  33,  34,  35,  were  made  with  the  blind  on  for  the  two  gases,  dry 
hydrogen  and  dry  air.    From  these  we  obtain  the  following : — 


Blind  on 


Fretiure  of  Heat-indication  for 

reddual  gat,      ^  * s 

in  inohat,         Dry  hydrogen.        Dry  air. 

83  178 

fl2  82 


From  which  we  deduce  ;-^ 

Eesidual  effect,  blind  on  ....         86*5  34 

Again,  from  certain  experiments  with  the  blind  off  (each  result  being 
the  mean  of  6  observations),  we  obtain  the  following  effect : — 

For  dry  hydrogen ... .      {JJj  f^ 

and  hence  we  find  residual  effect  =31. 

From  all  these  results,  allovsing  for  errors  of  experiment,  we  may  Bup- 
po.se  that  the  residual  effect  is  not  much  altered  by  a  chamois-leather 
blind. 

We  ought  to  mention  that  the  numbers  of  this  article,  similarly  to  those 
of  art.  38,  represent  the  mean  of  two  tappings,  the  one  taken  immediatly 
aft^^r  rotation,  and  the  other  after  the  interval  of  one  minute. 

40.  It  was  suggested  to  us  by  Pref .  Helmholtz  that  it  would  be  desi- 
rable to  ascertain  whether  any  difference  was  produced  in  the  results  by 
loading  the  disk  on  one  side ;  for  if  these  results  were  due  to  vibwktiaTL^^ 
might  be  supposed  that  they  would  be  affected, \>7  ^Sd^  laBKaa* 
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It  will  be  seen  by  art.  30  that  the  residual  effect  obtained  from  a  disk 
covered  with  chamoiB  leather  is  approsiiiiately  the  Bame  as  that  from  aa 
uncovered  disk;  thia  would  appear  to  ub  to  be  agttinBt  the  vibration  hy- 


la  the  following  experiment   the  disk  was  covered  with  a  chamoia' 
leather' blind  with  a  segment  cut  out  as  underneath— 


A  mean  of  two  seta  of  experiments  (coDsisting  of  16  separate  obsen-^ 
tuHU,  and  embracing  results  immediately  after  rotation,  as  well  as  results 
one  minute  after)  gave  aa  the  result  of  tapping  in  A  with  ^  dry  hydro- 
gen 47,  while  a  mean  of  24  similar  obsenations  with  the  same  atmosphere 
gave  as  the  result  of  tapping  an  uncovered  disk  53,  Allowing  for  errora 
of  experiment,  we  may  conclude  that  this  arrangement  does  not  much  in- 
floMiGe  the  results. 

41,  The  disk  was  next  treated  Id  the  following  manner : — 


It'waa  covered  with  a  chamois  leather  Wind  tied  into  holes  drilled  in 
the  disk,  and  having  the  above  simpe.  The  mean  of  3  sets  of  experi- 
ments similar  to  those  in  art.  40,  and  consisting  of  18  separate  observa- 
tions, gave  as  follows  for  an  atmosphere  of  ^-  dry  hydrogen,  tapping  in 
A  64,  tapping  in  B  56,  which  two  results  are  approximately  equal  to  one 
another,  the  mean  tmng  55. 

The  mean  of  3  sets  of  experiments,  consisting  of  24  seporat*  observa- 
tions for  an  atmosphere  of  ^^  hydrogen,  but  with  an  uncovered  disk,  gave 
53  OS  the  heat-result.  All  these  experiments  apparently  combine  to 
prove  that  the  result  is  not  due  to  vibration, 

42,  When  the  atmosphere  was  -^  hyd,  + j«,-  air,  wo  also  found  A  and 
B  approximately  the  same,  A  giving  181  while  B  gave  182 ;  we  have 
therefore  not  hesitated  to  combine  together  the  results  of  tapping  in  thia 
abnosphere,  whether  at  A,  or  at  B,  or  with  an  uncovered  disk,  in  the 
eompsriaon  giren  in  irt.  38. 
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43.  Our  next  experiments  were  made  with  the  view  of  testing  whether 
or  not  the  two  effects,  the  residual  and  the  gas-effect,  were  resident  in  the 
same  particles  of  the  disk ;  and  for  this  purpose  the  experiments  made 
immediately  after  rotation  were  compared  Anth  those  made  one  minute 
afterwards. 

The  experiments  available  for  this  purpose  are  so  numerous  that  they 
can  bear  splitting  into  two  portions,  in  each  of  which  the  same  result  is 
seen. 

Thus  we  have  for  an  atmosphere  of  ^  dry  hydrogen,  and  as  the  mean 
of  30  individual  comparisons, 

Effect  at  first  :  Effect  one  minute  after  : :  1'30  :  1  ; 

also,  as  the  mean  of  22  individual  comparisons,  we  obtain  the  proportion 
of  1*19  :  1,  while  as  the  mean  of  the  whole  we  obtain  1*25  :  1. 

Treating  in  a  similar  manner  the  observations  made  with  an  atmosphere 
of  ^  hyd.  +  ^  air,  we  obtain 

As  the  mean  of  25  comparisons    1*47  :  1, 

As  the  mean  of  21  comparisons 1*41  :  1, 

while  as  the  mean  of  the  whole  we  obtain  1*44  :  ]. 

We  therefore  conclude  that  the  residual  effect  is  less  diminished  during 
the  interval  of  one  minute  than  the  gas-effect. 

44.  We  next  made  experiments  with  two  aluminium  disks  *05  and 
*025  of  an  inch  in  thickness  respectively.  These  disks  were  covered  on 
both  sides  with  a  coating  of  lampblack  applied  by  negative  photographic 
varnish. 

In  both  disks  we  found  that  with  a  vacuum  of  ^  hyd.  the  effect  one 
minute  after  rotation  was  greater  than  the  effect  immediately  after  rota- 
tion.    Thus  we  have : — 

of^4  oLen^ations^^  '  Effect  one  minute  after  ::  -85  :  1; 

For  thin  disk  (mean ' 
of  2   experiments, 
embracing  7  obser- 
vations) 

But  in  cases  where  the  gas-effect  was  considerable,  this  peculiarity  dis- 
appeared.    Thus  we  have  for  an  atmosphere  of  ^  hyd.  +  ^  air : — 

FortMckdisk(mean|g^^^^^^g^g^.  j;iP^^^^^^^i^^^^£^^  ..  j.^g  .  j^ 
of  2  observations)    J 

ror  thin  disk  (mean  1  ^^  .  ^^  . .  1.45  .  j. 

of  2  observations)    J 

Also,  for  an  air-vacuum  of  ^,  we  have 

For  thin  disk  (mean  |  j,^^^  ^^  g^^  .  j;|f^^  0Tiemm\s.\ft^lV^T  \\  VV^  \  ^.. 
of  3  observations)   J 


do.         ;  do.  : :  'SO  :  1. 
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In  all  the  experiments  with  aluminium  disks  the  needle  of  the  galvano- 
meter vibrated  20  times  in  20  seconds,  and  the  rotation  consisted  of  30 
turns  of  the  handle  in  40  seconds. 

"Without  pretending  to  explain  all  these  experiments*,  it  must,  we 
think,  be  concluded  from  them  that  there  are  two  effects  which  are 
differently  distributed  over  the  particles  of  the  disk. 

46.  The  relation  between  the  effect  for  ^j-  hyd.  and  that  for  ^  hyd.  4- 
^j  air  for  the  thin  aluminium  disk  (galv.  20  in  20  seconds)  is  given  as 
follows : — 

Effect  for  -^  hyd.  (mean  1    ,    f  Effect  for  ^^  hyd. +  3/5,  air  1    . .  40  .  09a 
of  22  observations)         j    *   \    (mean  of  10  obser\'ations)  j   •  •    '   • 

In  the  preceding  experiments  the  centre  of  the  pile  was  at  a  distance 
(along  the  radius)  of  1'5  in.  from  the  rim  of  the  disk.  In  the  following 
experiment  it  was  adjusted  so  as  to  be  at  a  radial  distance  of  2*9  in.  from 
the  rim  of  the  same  disk.  With  this  alteration  and  with  the  thin  alumi- 
nium disk  we  obtained 

Effect  for  ^  hyd.  (mean  1    ,    (Effect  for  -^  hyd.-j-^^^)  air  1       «-  .  i»^r 
of  7  observations)  J    '    \     (mean  of  9  observations)  J   *  *     '  *    '   * 

"We  thus  see  that  the  effect  for  ^-^-  hyd.  (which  may  be  supposed  to  re- 
present the  residual  effect)  and  that  for  -^^  hyd.  -f  -^  air  (A\'hich  may  be 
supposed  to  represent  the  gas-effect)  are  both  diminished  in  very  nearly 
the  same  proportion,  namely  100  :  77,  by  the  above  transference  of  the 
pile  to  a  position  nearer  the  centre  of  the  disk.  It  would  thus  appear 
that  the  difference  in  distribution  among  the  particles  of  the  two  effects 
brought  to  light  in  art.  44  cannot  be  explained  by  a  difference  from 
centre  to  rim,  but  would  rather  seem  to  be  due  to  a  difference  in  depth. 
If  this  appear  to  be  improbable,  it  must  be  remembered  that  these  experi- 
ments were  not  made  on  a  naked  metallic  disk.  These  experiments 
would  therefore  appear  to  show  that  in  an  aluminium  disk  covered  i^'ith 
varnish,  as  well  as  in  a  disk  of  ebonite,  we  may  imagine  the  residual 
effect  to  be  more  deeply  seated  than  the  gas-effect. 

46.  We  venture  on  the  following  as  what  appears  to  us  to  be  the  most 
probable  explanation  of  the  whole  body  of  experiments,  including  those 
with  radiation. 

(1)  There  is  a  temporary  heat  or  cold  effect  (art.  2Qi)  which  may  be 
supposed  to  arise  in  particles  very  slightly  attached  to  the  disk ;  this  is 
radiated  off  chiefly  during  rotation,  and  probably  does  not  greatly  affect 
the  disk  afterwards. 

(2)  There  is  a  surface  gas-effect,  which  in  an  aluminium  and  even  ui 
an  ebonite  disk  is  conducted  into  the  interior  as  it  arises,  so  that  it  does 

*  May  not  this  peculiarity  of  the  aluminium  disk  in  the  hydrogen  vacuum  be  due 
to  some  hjrgrometrio  surface-effect  resident  in  the  Tarnish  ?    In  one  experiment,  but 
onljr  one,  the  peculiarity  was  absent. 
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not  greatly  radiate  during  rotation  of  the  disk  (art.  26).  In  a  paper 
disk,  however,  which  is  formed  of  a  badly  conducting  material  loosely 
put  together,  part  of  the  effect  does  escape  as  radiation  during  rotation 
(art.  27). 

(3)  There  is  a  residual  effect,  which  is  more  deeply  seated  than  the 
gas-effect.  And  inasmuch  as  radiation  takes  place  from  a  perceptible 
depth,  this  effect  is  much  more  influential  than  the  gas-effect  in  increasing 
radiation  after  rotation.  In  the  case  of  a  paper  disk,  this  deeply  seated 
effect  will  be  less  diminished  by  radiation  during  rotation  than  the  gas- 
effect,  and  therefore  after  rotation  in  such  a  disk  we  might  expect  the 
gas-effect  to  be  peculiarly  small  (art.  35). 

47.  In  the  course  of  these  experiments  we  have  endeavoured  to  prove 
that  this  residual  effect  is  not  caused  by  vibration.  The  radiation-expe- 
riments \^ith  aluminium  disks  of  three  different  thicknesses  went,  on  the 
other  hand,  to  show  that  it  was  of  the  nature  of  a  surface-effect.  This 
is  confirmed  by  the  results  derived  from  tapping ;  for,  in  the  first  place, 
the  experiments  of  art.  45  show  that  the  two  effects  (the  residual  and 
the  gas-effect)  are  probably  distributed  in  the  same  proportion,  going 
from  the  centre  to  the  circumference  of  the  disk.  Again ,  taking  the  two 
disks  of  thickness  '05  and  '025  of  an  inch,  we  obtain  the  following  re- 
sults : — 

Effect  for  fy  byd.  Effect  for  ^  byd.+A  air. 

Thin  disk 48  (22  observations).        228  (10  obsenationa), 

Tliick  disk 29  (20  observations).         108  (10  observations). 

Now,  allowing  for  errors  of  experiment,  we  see  that  the  residual,  as 
well  as  the  gas-effect,  is  reduced  to  about  one  half  for  the  thick  disk. 

Again,  an  experiment  of  a  similar  nature  gave  the  effect  for  ^  hyd.  in 
an  ebonite  disk  of  -j^  in.  in  thickness  =33,  against  a  result  b3  55  for  the 
thin  ebonite  disk.  Unfortunately  it  was  omitted  to  make  a  comparison 
M-ith  these  two  disks  for  the  gas-effect ;  nevertheless  these  results  are  all 
in  favour  of  the  residual  effect  being  a  surface-effect. 

48.  It  might  be  well  to  make  one  remark  regarding  these  experiments. 
They  are  not  like  the  radiation-experiments,  which  required  an  extremely 
delicate  instrument  in  order  to  give  a  sensible  effect.  But,  on  the  other 
hand,  the  effect  obtained  by  tapping  being  that  due  to  the  mere  surface  of 
tho  disk,  is  liable  to  be  altered  by  any  thing  which  affects  the  siuHPace  of 
the  disk.  We  have  come  to  the  conclusion  that  in  such  experiments  it  is 
unadvisable  to  use  a  porous  hygrometric  surface,  such  as  that  of  paper, 
not  ha^ing  its  pores  filled  with  paraflin  or  some  other  similar  substance. 
It  is  likewise  desirable  that  all  parts  of  the  apparatus  should  be  as  nearly 
as  possible  of  the  same  temperature ;  indeed  we  suspect  that  some  ex- 
periments made  during  some  very  peculiar  summer  weather  were  in- 
Jluenced  by  a  want  of  temperature-equilibrium  between  the  various  parts 
of  the  apparatus,  the  result  appearing  to  be  that  thft  ^iais^-^^<^\.\sst:^^ 
ebonite  disk  was  abnormally  large. 
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40.  Our  couclusion  from  the  evidence  before  us  in,  that  the  residual 
e&ct  is  a  surface-effect  more  deeply  seated  than  the  gas-effect,  but  dis- 
tributed outwards  from  the  centre  to  the  circumference,  very  much  in  the 
same  manner  as  the  gas-effect.  The  residual  effect  likewise  appears  able 
to  penetrate  a  chamois-leather  blind  without  any  perceptible  diminution. 
We  regard  these  conclusions  as  preliminary,  and  shall  endeavour  in  our 
future  experiments  to  procure  additional  evidence  of  these  properties  of 
the  residual  effect,  as  well  as  to  obtain  new  facts  regarding  it.  In  the 
mean  time,  as  the  subject  is  one  of  interest,  and  has  been  already  too  long 
dslayed,  we  have  not  hesitated  to  bring  these  results  before  the  notice  of 
the  Boyal  Society. 

In  concluding  we  would  desire  to  express  our  thanks  to  Mr.  F.  Kingdon 
for  his  assistance  to  us  in  many  of  these  experiments. 


V.  ''  On  the  Extension  of  the  Numerical  Value  of  ir/*  By  Wil- 
liam Shanks,  Houghton-le-Spring,  Durham.  Communicated 
by  Prof.  G.  G.  Stokes,  Sec.  R.S.    Received  April  16,  1873. 

In  the  *  Messenger  of  Mathematics '  for  Dec.  1872,  J.  W.  L.  Glaisher, 
Esq.,  has  given  some  very  interesting  particulars  regarding  the  calcula- 
tion of  T,  in  the  justness  of  which  the  author  generally  concurs.  He, 
however,  differs  from  him  as  to  the  comparative  merits  of  Van  Ceulen, 
who,  in  the  early  part  of  the  seventeenth  century,  calculated  ir  to 
36  decimals.  Hutton's  formula  also,  given  in  the  *  Messenger,'  appears, 
notwithstanding  Hutton's  own  opinion,  to  be  not  so  well  adapted  for  ex- 
tensive computation  as  ]VIachin*s,  which  the  author  has  used  on  the  pro- 
sent  as  well  as  former  occasions,  regarding  it  as  the  best  yet  found. 

The  values  of  tan~*  \  and  of  tan~^  -^^  are  each  given  below  to  700, 
and  the  value  of  ir  to  707  decimals.  It  will  be  observed  that  a  few 
figures  in  the  values  of  tan~^  ^  and  of  ir,  published  in  1853,  were  erroneous. 
The  author  detected  the  error  quite  recently,  and  has  corrected  it.      The 

values  of  each  term  of  the  two  series  in  ^=4  tan~*  \  —  tan~^  ^i^,  are  far 

too  bulky  to  be  given  in  exUmo :  fortunately,  but  few  would  care  to  see 
them  I 

It  may  here  be  stated  that  Prof.  Eichter,  of  Elbing,  found  v  to  oOO 
decimals  in  the  year  1853 — all  of  which  agree  with  the  author's,  published 
early  in  the  same  year. 

The  Society  adjourned  over  Ascension  Day  to  Thursday,  May  29. 


1873.]  the  mmerical  Value  of  v. 


Value  of  tan~'  ^. 

■'9739  S5S9'  49M'>  7S'J7  *0497  6s'94  790»9  J447S  *S'n  7*715  »I0'S  >76M 
94014  10119  '9977  HJ7I  S7J»6  97l»!  "371!  !o44t  ii6»g  11807  3*9"!  *o"<H 
45647  98867  94139  JJ574  75654  9;ti6  10J17  oojii  10747  oofS'  4S<"S  S'o** 
i£>6i  g5ji6  63315  7J1SS  91I06  64189  6S061  1951!  40581  59}ii  14151  61119 
''J'J9  93197  113'J  1537!  "796  o!4i7  66483  J0515  47301  96657  »s65o  4S887 
81553  093*4  »90i7  9i"6  9i934  '9*'5  »lo63  Hs'S  6975'  940'7  olS*o  9495* 
71686  73738  50840  08113  67856  15800  93198  11514  01314  6675s  49»ll  01670 
45743  78815  47483  90799  78985  01007  S»»36  96837  96139  »I783  54193  15571 
13184  13S46  47744  13519  09705  46511  1438]  01697  5605'  >377*  17781  64141 
337*3  03370  '*'9i  64880  18177  68611  91509  85606  75901  11359  85563  6joj4 
31100  56649  97816  76360  88711  51317  56610  84900  93773  j8oij  19504  706S7 
65719  3S513  59143  19759  37947  36057  50636  10935  07853  1833  fa. 

Value  of  tan"'  jj^, 

■co4ig  40760  01074  7*3*6  45381  14959  »*54S  l74'o  48065  30761  1950I  17019 
61188  71817  78341  41189  11737  8160s  *i36»  *9094  S4975  45066  6444!  6J756 
05145  81947  89111  86505  89111  18811  09180  08461  71961  i]077  13759  47634 
6=13'  *4734  '4570  33'9*  6o'S4  54*'4  *0599  »449*  30ilt  46019  11539  49S»7 
60779  6881s  s83Si  17339  7*533  4*5'*  04574  154I'  JS*'7  46+47  5"979  "oi3» 
83=97  700*0  S4651  *i76l  46531  9*9'o  4*"*3  *654i  56078  91959  14511  ]iiio 
9446]  68617  66155  10I3'  67964  "6465  74655  Mon  51034  35161  8144s  '»69J 
55670  49968  44451  47904  13177  1839]  07086  31401  93869  51950  37058  64107 
70855  *SS40  4S*»3  553**  •4*37  67708  36515  69181  51701  00119  lo*9S  4495° 
043s*  54405  34496  44014  14'*7  14950  9»»>3  <6ii9  54553  33565  16494  ima 
06851  18811  94006  45849  19113  »3**6  73467  64**9  '*73i  *"6!»  83011  iiioi 
37897  11546  96191  84691  18137  3390J  04681  04140  79985  668+    4o. 

Value  of  T=3' 
■'  +  '59  16515  89791  11846  16413  83179  50188  41971  69399  375'*'  5'»09  74944 
59130  7*164  0*1*6  13*99  *6**o  3481s  14111  70679  81148  08651  11811  06647 
093*4  46095  505*1  il'7i  S3S94  08118  48111  74301  84101  70193  S51H  055S9 
64461  19489  54930  38196  44188  1097s  66593  34461  1847s  64813  37*67  I3165  _ 
17110  19091  45648  56691  J4603  48610  45431  66481  i]j9i  60716  C1491  4117J 
7145*  70066  06315  58817  48815  10910  96181  91540  91715  36436  78915  90360 
01133  05305  48810  46651  11841  46951  94151  1609+  13057  17036  57595  J195J 
09118  61171  81931  «M79  11051   185+8  07446  13798  34749  56735  18857  51714 
89111  79181  83011  94911  98336  73361  44191  66410  B6011  19501  60914  48077 
13094  16185  53096  61017  55691  979*6  95011  14749  96106  07497  030+1  13668 
36199  51100  89101  3S377  01131  41694  11901  98858  1S4+6  81639  79990  46597 
00081  70019  6311]  773S1   34108  41307  91451   18398  05709  85  4c. 
ApHI  14, 1873. 
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On  the  Heat  necessary  to  kill  Bacteria,  Vibrionea,  ifc,     325 

'^Further  Observations  on  the  Temperature  at  which  Bacteria, 
Vibriones,  and  their  Supposed  Germs  are  killed  when  exposed 
to  Heat  in  a  moist  state ;  and  on  the  Causes  of  Putrefaction 
and  Fermentation/'  By  H.  Charlton  Bastian,  M.A.,  M.D., 
F.R.S.,  Professor  of  Pathological  Anatomy  in  University 
College,  London.     Received  March  25,  Read  May  1,  1873. 

Whilst  a  heat  of  140°  F.  (60°  C.)  appears  to  be  destructive  to  Bacteria, 
Vibrianes,  and  their  supposed  germs  in  a  neutral  saline  solution,  a  heat  of 
149°  or  of  158°  F.  is  often  necessary  to  prevent  the  occurrence  of  putre- 
faction in  the  inoculated  fluids  when  specimens  of  organic  infusions  are 
employed.  What  is  the  reason  of  this  difference  ?  Is  it  owing  to  the 
fact  that  Hving  organisms  are  enabled  to  withstand  the  destructive  in- 
fluence of  heat  better  in  such  fluids  than  when  immersed  in  neutral  saline 
solutions  ?  At  flrst  sight  it  might  seem  that  this  was  the  conclusion  to 
be  drawn.  We  must  not,  however,  rest  satisfied  with  mere  superficial 
considerations. 

The  problem  is  an  interesting  one ;  yet  it  should  be  clearly  imderstood 
that  its  solution,  whatever  it  may  be,  cannot  in  the  least  affect  the  vali- 
dity of  the  conclusion  arrived  at  in  my  last  paper,  viz.  that  Hving  matter 
is  certainly  capable  of  arising  cU  novo.  We  were  enabled  to  arrive  at 
the  conclusion  above  mentioned  regarding  Archebiosis  by  starting  with 
the  undoubted  fact  that  a  heat  of  158°  F.  reduces  to  a  state  of  potential 
death  all  the  Bacteria^  Vihriones^  and  their  supposed  germs  which  an  or- 
ganic infusion  may  contain.  The  inquiry  upon  which  I  now  propose  to 
enter,  therefore,  touching  the  degree  of  heat  below  this  point  which  may 
suffice  to  kill  such  organisms  and  their  supposed  germs  in  an  organic 
infusion,  and  touching  the  cause  of  the  delayed  putrefaction  apt  to  take 
place  in  inoculated  organic  infusions  which  have  been  heated  to  tempe- 
ratures above  140°  and  below  158°  F.,  is  one  lying  altogether  outside  the 
chain  of  fact  and  inference  by  which  the  occurrence  of  Archebiosis  is 
proved. 

It  seems  to  me  that  the  solution  of  the  problems  which  form  the  sub- 
ject of  the  present  communication  can  only  be  safely  attempted  by 
keeping  constantly  before  our  minds  two  main  considerations : — 

Thus,  in  the  experiments  whose  results  it  is  now  our  object  to  en- 
deavour to  explain,  the  fluids  have  been  inoculated  with  a  compoun 
consisting  partly  (a)  of  living  imits,  and  partly  (6)  of  a  drop  of  a  solu- 
tion of  organic  matter  in  a  state  of  molecular  change ;  so  that  in  many 
cases  where  putrefaction  has  been  initiated  after  the  inoculating  com- 
pound has  been  heated  to  certain  temperatures,  there  is  the  possibihy 
that  this  process  of  putrefaction  may  have  been  induced  (in  spite  of  the 
death  of  the  organisms  and  their  germs)  owing  to  the  influence  of  h^  th^ 
dissolved  organic  matter  of  the  inoculating  com^o\xxi9i\  ^Swai^Ss^  X^aaj^ 
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the  heat  to  which  the  mixture  has  been  exposed  may  have  been  adequate 
to  kill  all  the  living  units  entering  into  the  inoculating  compound, 
although  it  may  not  have  been  sufficient  to  prevent  its  not-Hying  organic 
matter  acting  as  a  ferment  upon  the  infusion*. 

And  there  are,  I  think,  the  very  best  reasons  for  concluding  that  in  all 
the  cases  in  which  turbidity  has  occurred  after  the  organic  mixtures  have 
been  subjected  to  a  heat  of  140*^  P.  (60°  C.)  and  upwards,  this  turbidity 
has  been  due,  not  to  the  survival  of  the  living  units,  but  rather  to  the 
fact  that  the  mere  dead  organic  matter  of  the  inoculating  compound  has 
ik!ted  upon  the  more  unstable  organic  infusions  in  a  way  which  it  was 
not  able  to  do  upon  the  boiled  saline  fluids. 

In  order  more  fully  to  explain  the  grounds  upon  which  this  conclusion 
is  based,  it  will  now  be  necessary  to  recast  the  results  of  the  102  inocu- 
lation experiments  recorded  in  my  last  communication  t.  They  require 
to  be  thrown  into  a  new  tabular  form,  in  order  to  show  how  the  results 
differed  amongst  themselves  when  organic  infusions  of  different  strengths 
were  employed.  The  consideration  of  this  aspect  of  the  question  was 
purposely  delayed,  in  order  to  avoid  the  introduction  of  unnecessary 
complications  into  my  last  communication,  seeing  that  the  conclusion 
which  I  then  sought  to  establish  was  in  no  way  affected  by  these  facts. 


Xeittra  I  Hay-Li  fusion . 


Infusion  of  sp.  gr.  1006. 

Infusion  of  sp.  gr.  1002. 

Tempe- 
rature. 

Number 

of 
Expts. 

Pate  of 

Turbidity, 

if  any. 

Besultfl  at  the 
Expiration  of 
the  8th  day. 

Number 

of 
1  Expts. 

Date  of 

Turbidity, 

if  any. 

Results  at  the 

Expiration  of 

the  8th  day. 

122°  F. 

(60°  C.) 
131  °F. 

}    1 
6 

24hr8. 
48hr». 

Turbid. 
All  turbid. 

1 

1     

1 

48  hrs. 

Turbid. 

140°  F. 
(60°  C.) 

149°  F. 

1  in  48  hrs. 
G  in  00  hra. 

.  All  turbid. 

2 
4 

1  in  3  days. 

1  in  8  days. 

2  in  5  days. 
1  in  8  days. 

- 

I  All  turbid. 

Three  turbid. 
One  clear. 

168<»F. 
(70°  C.) 
167°  F. 
176°  F. 
(80°  0.) 

•  •  •  •  t  • 

}    ^^ 

All  clear. 

16 

i       4 

i 

All  clear. 
All  clear. 

*  See  •  The  Beginnings  of  Life/  rol.  ii.  p.  2. 

t  See  Proceedings  of  the  Royal  Society,  No.  143,  p.  230. 
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Acid  Turnip^Infusion, 


827 


Infusion  of  sp.  gr.  1008. 


Tempe- 
rature. 


Number 

of 
ExpU. 


122°  P. 
131°  F. 


5 


140°  P. 
149«  P. 


0 
3 


Infusion  of  sp.  gr.  1005. 


Date  of      <  Results  at  the  I '  Number 


Turbidity, 
if  any. 


24hr8. 


Expiration  of  ji      of 


the  8th  day.  ':    Expts. 


|!. 


Date  of      I  Results  at  the 


Turbidity, 
if  any. 


All  turbid. 


40hr8. 


All  turbid. 


48  hrs. 


Expiration  of 
the  8th  day. 


All  turbid. 


5  days.      !    All  turbid. 


0 
7 


( 2'isf^j:::i}^it-bid. 

^'un?^j;;:i}?ourturbid. 
2in8da>s.    J  Three  clear. 


158°  F. 
107°  P. 
176°  P. 


17 
4 


All  clear. 
All  dear. 


Reference  will  be  made  to  these  Tables  in  the  setting  forth  of  my 
reasons  for  the  conclusion  that  the  more  or  less  delayed  putrefaction  which 
takes  place  in  inoculated  organic  infusions  raised  to  the  temperature  of 
140°  P.,  and  to  other  degrees  of  heat  above  this  point,  is  due  to  the  in- 
fluence of  the  not-living  ingredient  (ft)  of  the  inoculating  compound. 
These  reasons  are  the  following : — 

1 .  Because  the  turbidity  which  has  occurred  in  inoculated  organic  in- 
fusions that  have  been  subjected  to  a  temperature  of  140°  F.  has  always 
manifested  itself  appreciably  later,  and  advanced  much  more  slowly  than 
in  similar  mixtures  which  had  not  been  heated  above  131^  F. ;  whilst  it 
has  commenced  even  later,  and  progressed  still  more  slowly,  when  occur* 
ring  in  mixtures  previously  heated  to  149°  F.  Such  facts  might  be 
accounted  for  by  the  supposition  that  exposure  in  these  organic  fluidi 
to  the  slightly  higher  temperature  suffices  to  retard  the  rate  of  growth 
and  multiplication  of  the  living  units  of  the  inoculating  compound,  al- 
tliough  the  facts  are  equally  explicable  upon  the  supposition  that  the 
later  and  less  energetic  putrefactions  are  due  to  the  sole  influence  of  the 
mere  organic  matter  of  the  inoculating  compound. 

2.  So  far  as  the  evidence  embodied  in  the  Tables  goes,  it  tends  to  show 
that  the  more  unstable  different  specimens  of  similar  infusions  are  (that 
is,  the  stronger  they  are),  the  more  rapidly  and  frequently  does  late  tur- 
bidity ensue,  and  the  more  this  late  turbidity  approaches,  both  in  time 
of  onset  and  in  rate  of  increase,  to  that  which  occurs  when  inoculated 
infusions  are  not  heated  to  more  than  131°  F. — when  both  living  and 
not-living  elements  of  the  inoculating  compound  act  conjointly  as 
ferments.  Such  facts  show  quite  clearly  that  where  the  intrinsic  or 
predisposing  causes  of  change  are  strong,  there  less  potent  exciting 
agencies  are  more  readily  capable  of  coming  into  pla^  \  \s^^^qss\  ^cSl^^ 


^^^^^^1 
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>cide  whether  the  exciting  cause  of  this  delayed  turbi- 
hiing  clement  whose  vitaUty  and  rate  of  reproduction 
jy  tlie  heat,  or  nhether  the  effects  are  wholly  attribii- 
irgauic  matter  of  the  inoculating  componiid. 
e,  we  have  concomitant  variations  which  are  equally 
■her  hypothesis.     But  it  will  be  found  that  each  of  the 
.rguments  speaks  more  and  more  plainly  ag^st  tho 
jf  the  living  element,  and  in  favour  of  the  action  of 

■d  putrefactiona  occurring  in  the  cases  in  question, 

hay  or  turnip  previously  heated  to  1 40°  F.  are  mounted 
iited  as  microscopical  specimens,  no  increase  of  turbi- 
although  drops  of   similar  infusions  heated  only  to 
increase  in  turbidity  (owing  to  the  multiplication  of 
[jimted  in  a  similar  manner.     TTuder  such  restrictive 
■,  ill  fact,  a  drop  of  an  inoculated  and  previously  heated 
lehaves  in  precisely  the  same  mamier  as  a  drop  of  a 
nimouic-tartrate  solution.     In  each  case,  when  heated 
ity  does  not  occur,  apparently  because  there  are  no 
iltiply,  and  because  in  these  mere  thin  films  of  fluid 
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the  temperature  of  140°  F.  The  comparative  behanour  of  these  two 
inoculated  fluids  (placed,  in  the  ordinary  manner,  in  previously  boiled 
corked  phials)  should  be  capable  of  showing  us  whether  the  living 
elements  of  the  inoculating  compound  were  able  to  survive  when  heated 
in  the  organic  infusion.  If  they  did  survive,  the  fluids  inoculated  in  this 
manner  ought  to  undergo  putrefaction  earlier  and  more  rapidly  than 
those  inoculated  with  the  drop  of  turtnd  fluid,  in  which  we  know  that  the 
BacUria,  Yibrioneg,  and  their  supposed  germs  would  have  been  reduced 
to  a  Btat«  of  potential  death.  With  the  view  of  settling  this  question, 
therefore,  the  following  experiments  were  made: — 


DeicriptioQ  of  Eiperimenls. 


Infereocea. 


Boiled  ammonio-butrBle 
OD,  inoculated  with  k 
beated  drop  of  a  aimilar  aotution 
turbid  with  Bacteria  tco. 

B.  Boiled  ■mmonie-la 
uilutioii,  intcu1at«d  with  a 
turbid  aaline  golution 
liouatj  heated  lo  140°  P. 


e.  Boiled  tur 
fusions,  inoculat 

a  turbid  saline  solution  previous- 
Ij  heated  lo  140"  F- 

D.  Boiled  turnip-  and  haj-iu' 
fusions,  inoculated  with  ■  drop  of 
an  unhealed  turbid  saline  solu- 
tion, the  inoeulat«d  fluid  being 
lubKqiiently  heated  '-  '  '""  " 


olWF. 


Tomip-infusiona 

turbid  in  2^  days. 
Haj-inhiaions 

cImt  at  expiration 

of  8th  daj. 
Turnipinfuaiona 

turbidin2jdajB. 
Haj-infuaiona 

clear  at  expiration 

of  8th  day. 


E.  Bailed  tumip-  and  baj-in- Tumip-infuBiona 
fusion*,  inoculated  with  a  drop  oft   turbid  in  28  bra. 
an  unlieaCed  saline  solution,  the  Hay-infusiona 
inoculated    fluid    being    subse-    turbid  '~  '"' 
Ij  heated  to  131°  f. 


Ihat  boiled 

lution  is  ■  fluid  inoculable  bj 

liiing  Bi7rfmflAo.,«ndhTour- 

able  tor  their  growth  and  rapid 

multiplication. 

That    Bacteria,    Viirio/ut,    and 

their  suppoaed  germs  are  eitlin 

IdUed  or  deprived  of  all  power 

of  multiplication  when  ■—'-■• 

to  140°  F.  in  this  fluid. 

'  The  precisely  aimitar  behaviour 

of  the  turnip-  and  hn-iitAi- 

siona  of  aenes  C  and  aeriei 

D  respectively    ahowg  thai 

the  SacUrui,  yibritinet,  kA 

their  supposed  genni 

inoperative  in   serie 

they  an    known   to  be  in 

series  C;   whilst  the 

viour  of   the  hay-infueioni 

shows   that  they  ara   little 

amenable  to  the  influence  of 

the  drop  of  the  saline  flidd 

when   its    living    unite  uc 

killed. 

30WS  that  a  heat  of  131°F.  ii 

not  aulBcient  to  kill  Bacteria, 

VAricmn,  and  their  euppoaed 

germs  in  organic  infusions,  and, 

again,  that  tumip-infiudoni 

mora  rapidly  influenced  1^ . 

an  inoculating  agent  than  come 

haj-infunona'' 


No  experiments  coidd  speak  more  decisively.  Those  of  series  B  show 
that  Bacteria,  Vibriorut,  and  their  supposed  germs  are  either  actually  or 
potentially  killed  when  heated  to  140°  F.  in  the  neutral  saline  fluid, 

*  These  experiments  of  serieH  C,  D,  and  Ewere  many  times  repeated  with  spedmens 
of  the  same  tumip-  end  hay-infuaione,  the  speciBo  gravity  of  tbe  former  being  about 
1008  and  that  of  the  latter  1005.  Different  specimens  of  hay  eepecially  vary  so  muoh 
that  it  becomee  abaolutely  easential  to  nae  portions  of  the  same  infoiuni  W  *&>«  mnt^b- 
ntivB  eiperimente  of  dieM  diBbrent  leriee. 
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which  the  experimentB  of  series  A  show  to  be  eminently  favourable  for 
their  growth  and  reproduction.     Being  certain,  therefore,  that  the  Hving 
units  are  killed  in  the  drops  with  which  the  fluids  of  series  G  were  inocu- 
lated (because  they  were  drops  of  the  same  fluid  as  was  employed  in 
series  B),  we  may  be  equally  certain  that  the  turbidity  and  putrefaction 
which  did  ensue  in  the  turnip-solutions  of  series  0  were  due  to  the  in- 
fluence of  the  mere  dead  constituents  of  these  drops  of  the  turbid  saline 
fluid;  whilst,  seeing  that  the  behaviour  of  the  fluids  of  series  D  was 
precisely  similar  to  those  of  series  G,  we  have  a  perfect  right  to  infer  that 
this  series  of  fluids  (D)  was  as  devoid  of  living  units  as  those  of  G  are 
known  to  be — ^that  is,  that  Bacteria,  Vibriones,  and  their  supposed  germs 
are  killed  by  the  temperature  of  140^  E.  in  organic  fluids,  just  as  they  are 
in  saline  fluids,  although,  as  shown  by  the  experiments  of  series  E,  they 
do  not  succumb  to  a  heat  of  131**  P.    These  experiments  of  series  C  and 
D  further  illustrate  the  different  degrees  of  amenability  of  different 
organic  fluids  to  the  same  dead  ferments ;  whilst  the  comparison  of  the 
results  with  the  hay-infusions  of  series  G  and  D  with  those  previously 
dted  (in  which  the  inoculating  compound  was  a  drop  of  an  organic  infusion 
heated  to  the  same  temperature  of  140^  P.)  will  illustrate  the  different 
influence  of  dissimilar  dead  ferments  upon  infusions  of  the  same  kind. 

The  evidence  now  in  our  possession  shows,  therefore,  that  whilst  the 
temperature  lat  which  living  ferments  cease  to  be  operative  varies  "within 
very  narrow  limits  (131°-140°F.)*,  that  which  destroys  the  virtues  of 
not-living  ferments  varies  within  much  wider  limits,  and  depends  not 
only  upon  the  amount  of  heat  employed,  but  also  upon  the  nature  of  the 
putrescible  or  fermentable  liquid  to  which  such  ferment  is  added,  in  con- 
junction with  the  degree  of  heat  and  other  conditions  to  which  the  mix- 
ture is  subsequently  exposed  t.  Here,  therefore,  we  have  evidence  as  to 
the  existence  of  a  most  important  difference  between  li\'ing  and  uot>- 
living  ferments,  which  has  always  been  either  unrecognized  or  more  or 
less  deliberately  ignored  by  M.  Pasteur  and  his  followers  J.     This  differ- 

*  Licbig  has  proved  that  a  temperature  of  140°  F.  kills  Tbrwfe,  and  always  suffices  to 
arrest  a  process  of  fermentation  taking  place  under  their  influence  in  a  sugar  solution. 
Tarulw  heated  in  water  to  140°  F.  also  fail  to  initiate  fermentation  in  a  sugar  solution. 
I  have  also  found  that  an  exposure  to  a  temperature  of  131°  F.  for  fiye  minutes  always 
suffices  to  destroy  the  life  of  Desmids,  Euglens,  Amcehp,  Monads,  Ciliated  Infusoria, 
Botifers,  Nematoids,  and  other  organisms  contained  in  specimens  of  pond-water.  All 
these  lower  organisms  seem  to  he  destroyed  at  ahout  the  same  temperature,  as  might 
have  been  expected  from  the  fundamental  relationship  which  must  exist  between  these 
■everal  varieties  of  the  one  suhstanoe-^living  matter. 

t  See  *  The  Beginnings  of  Life,*  vol.  i.  p.  437. 

}  See,  for  instance,  all  M.  Paateur's  celebrated  experiments  in  which  he  had  recourse 
to  an  **  ensemencemont  des  poussiores  qui  existent  en  suspension  dans  I'air,"  as  re- 
corded in  chaps,  iv.  &  v.  of  his  memoir  in  'Ann.  de  Ohimie  et  do  Physique,*  1862. 
M.  Pasteur  was  engaged  in  an  investigation  one  of  the  avowed  olyects  of  which  was  to 
determine  whether  fermentation  oould  or  could  not  tike  placs  without  the  intervention  of 
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ence  is,  moreover,  thoroughly  in  accordance  vrith  the  broad  physico-chemi- 
cal theory  of  fenuentatiuu  which  has  been  ao  ably  expounded  by  Baron 
Liebig  and  otheri,  and  the  truth  of  which  may  now  be  regarded  as  definitely 
citablisbed.  According  to  this  theory  "living"  matter,  aa  a  ferment, 
would  take  rank  merely  aa  a  chemical  compound  having  a  tolerably  defi- 
nite constitution  ;  and  this,  we  might  reasonably  infer,  would,  like  other 
chemical  compounds,  be  enddwed  with  definite  properties' — and  amongst 
others  that  of  being  decomposed  or  radically  altered  by  exposure  to  a  certain 
amount  of  heat.  Looked  at  also  from  this  essentially  chemical  point  of 
view,  it  would  be  only  reasonable  to  expect  that  the  molecular  movementa 
of  living  ferments  with  a  lowered  vitality  might  not  be  more  mailed  or 
energetic  than  those  which  many  not-living  organic  substances  are  apt  to 
undergo  ;  and  this  being  the  case,  we  might  expect  that  there  would  oft«n 
bi-  a  great  practical  difficulty  in  ascertaining  whether  a  ferment  belonging 
to  the  arbitrary  and  artificiat  (though,  in  a  sense,  justifiable  and  natural) 
category  of  "  lining  "  things  had  or  had  not  been  in  operation. 

It  has,  moreover,  been  most  unmistakably  proved  that  the  limit*  of 
vital  resistance  to  heat  which  BacUria,  VUirioneg,  and  their  suppoaed 
germs  are  capable  of  displaying  are  essentiaUy  the  same  In  the  three  type 
fluids  which  I  have  employed — Hist  is,  in  a  weak  saline  fluid,  in  a  neu- 
tral organic  infusion,  and  in  anacid  organic  infusion.  No  evidenoe  exists 
really  tending  to  show  that  these  organisms  or  their  germs  are  capable 
of  withstanding  the  effects  of  heat  better  in  one  of  such  fluids  than  in 
another.  We  may  therefore  safely  afiirm  that  K.  Fftsteur  never  had 
any  valid  evidence  in  support  of  his  conclusion  that  the  germs  of  Baettria 
and  Vihrioms  can  resist  heat  better  in  neutral  or  slightly  alkaline  solu- 
tions than  in  slightly  acid  mixtures.  The  experimental  results  which 
led  him  to  arrive  at  such  a  coucluaion  were  not  logically  capable  of  re- 
cei\iug  any  such  interpretation,  whilst  they  can  be  legitimately  accounted 
for  ill  accordance  with  the  broader  physico-chemical  theory  of  fermenta- 
tion, the  truth  of  which  has  now  been  established'.  We  may  also 
Siifcly  offirm  that  M.  Pasteur's  more  speclflo  statement,  to  the  effect  that 

living  orgsniBmB,  which  M.  P««leurhdd  (in  oppodtion  to  miry  otter  (ii*niMt«)tobeUie 
onlj  true  fermcnls.  Ill  bia  inoaulating  oompoaod  (diut  IllleTed  from  the  ■tmoBphere), 
tlirre  tna.  aa  M.  Piuteur  wu  fullj  aware,  a  large  amount  of  wlut  hi*  KientiSo  opponents 
conBidered  not-liring  forment,  wliil«t  poKibly  tbere  aiiited  a  oertwn  number  of  living 
femienii.  In  Biplaining  the  pcbuIu  of  his  ciperimenls,  however,  M.  Paetour  and 
cjlhers  thoucht  ho  was  pursuing  a  logial  and  aoienUflc  method  when  be  attributed  these 
renulU  to  the  action  of  tho  poraiblj  eiisting  element  of  the  inoculating  compound,  whilst 
lie  ignored  sJtogBlhar  Ibe  other  element  which  wu  oertainly  present  in  comparatively 
large  quantitj,  and  the  (<etbg  of  wboia  efficacy  wu  the  ostensible  objeot  of  his  reaeiureh. 
■  I  attempted  to  show,  nearly  three  yean,  ago  <ieo  -Nature,'  July  14, 1870,  pp.  224-228), 
that  the  ditTerencGB  which  M.  Paateur  ascribed  to  differenoei  of  vital  reaistmoe  of  or- 
ganisms in  particuUr  fluids  were  just  as  explicable  in  acoordince  with  the  phyvico- 
chemical  theory  of  fermentation,  by  reference  to  the  different  degrees  of  fermentabiU^ 
of  the  several  fluidis. 
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the  germs  of  some  Bacteria  and  Vibi^ionea  are  capable  of  resistiDg  the 
influence  of  a  heat  of  212°  E.  when  in  the  moist  state,  though  they  are 
killed  by  a  temperature  of  230°  F.,  was  a  conclusion  altogether  unwar- 
ranted by  the  e\idence  which  he  adduced.  Finding  that  certain  fluids 
treated  after  the  manner  introduced  by  Schwann  always  remained  quite 
devoid  of  living  organisms,  M.  Pasteur  very  legitimately  concluded  that 
preexisting  organisms  and  germs  had  been  killed  during  the  boiling  of  the 
liquid ;  but  finding  that  when  a  little  powdered  chalk  was  added  to  fluids 
of  the  same  kind  (which  in  all  other  respects  were  treated  in  a  similar 
manner)  living  organisms  were  after  a  time  invariably  found  to  appear, 
although  they  as  invariably  failed  to  appear  when  the  same  fluids  were 
heated  to  a  temperature  of  230°  F.  (110°  C),  two  equally  legitimate  pro- 
visional conclusions  were  open  to  M.  Pasteur  in  explanation  of  these 
facts.  What  did  M.  Pasteur  do  ?  Following  the  same  method  as  he 
had  formerly  employed*,  he  again  ignored  one  of  the  equally  possible 
interpretations,  and  unsuccessfully  attempted  to  prove,  by  a  repe- 
tition of  similar  reasoning  t,  that  the  different  results  in  the  two 
series  of  experiments  were  due  to  the  fact  that  the  germs  of  Bacteria 
and  Vibriones  which  had  been  killed  by  the  temperature  of  212°  F.  in  the 
first  series,  were  not  killed  by  this  temperature  in  the  second  series  (in 
which  a  slightly  alkaline  fluid  had  been  employed),  although  they  were 
destroyed  by  the  higher  temperature  of  230°  F.  Thus  results  which  were 
due  to  the  action  of  not-living  ferments  were  ascribed  to  living  ferments, 
and  the  possible  action  of  not-living  ferments  was  ignored,  although,  as 
I  have  said  before,  the  ostensible  object  of  M.  Pasteur's  researches  was 
to  inquire  into  the  relative  importance  of  not-living  and  living  ferments, 
or  whether,  in  fact,  "  dead "  substances  (in  the  ordinary  acceptation  of 
the  word)  could  act  as  ferments. 

When  viewed  from  the  stand-point  of  the  physico-chemical  theory  of 
fermentation,  the  apparently  contradictory  results  arrived  at  by  the  same 
experimenter  at  difEerent  times  or  by  different  experimenters,  in  this  line 
of  research,  cease  to  be  the  inexplicable  puzzle  which  they  must  always 
appear  to  those  who  place  implicit  faith  in  the  narrower  and  too  exclusive 
"  vital "  theory  of  fermentation  advocated  by  M.  Pasteur  and  his  followers. 

My  investigations  have  convinced  me  that,  with  regard  to  degree  of 
fermentability,  the  various  fermentable  fluids  and  mixtures  are  (^visible 
into  three  distinct  subclasses : — 

I.  There  are  what  may  be  called  self-fermentable  fluids  or  mixtures — 
that  is,  fluids  or  mixtures  which,  after  exposure  to  a  temperature  of 
212°  F.  or  higher,  are  still  capable  of  undergoing  fermentative  changes 
without  the  addition  of  less-heated  matter,  either  not-living  or  living. 
The  changes  occurring  in  these  self-fermentable  fluids  (in  which  preexist- 
ing living  things  have  been  killed),  when  strictly  protected  from  contact 
with  adventitious  particles,  vary  in  rapidity  and  in  intensity  from  the 

*  8ee  note  {  on  page  330. 

t  See  Ann.  de  Chimy  et  de  Phys.  1862,  pp.  60^-65. 
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highest  to  the  very  lowest  degrees  of  fermentability.  These  gradations 
are  dependent  principally  upon  the  nature  of  the  fluids  or  mixtures  em- 
ployed, and  upon  the  degree  of  heat  to  which  they  have  been  submitted, 
though  partly  also  to  the  temperature,  pressure,  presence  or  absence  of 
filtered  air,  and  degree  of  light  to  which  the  mixtures  are  subsequently 
exposed.  Eor  the  sake  of  convenience,  these  gradations  may  be  ranged 
into  several  distinct  groups,  though  of  course  any  such  divisions  as  I  am 
now  about  to  sketch  are  purely  artificial  and  are  connected  with  one 
another  in  nature  by  innumerable  transitions. 


Nature  of  Fluids. 

A.  Turnip-infusion  with  cheese,  turnip- 
infusion  neutralized  by  liquor  potassic, 
ordinary  turnip-infusion,  strong  hay-in- 
fusion, &o. 

B.  Turnip-infusion  neutralized  by  liquor 
potassse,  ordinary  turnip-infusion,  ordi- 
nary hay-infusion,  &o. 


C.  Beer-wort*,  &c. 


D.  Weak  hay-infusions,  urine,  solu- 
tions containing  amnionic  carbonate  and 
sodic  phosphate  with  minute  organic  im- 
purities, &G, 


E.  Weak  hay-infusions,  urine,  solutions 
containing  ammonio-citrate  of  iron  and 
minute  organic  impurities  t,  &c. 


F.  Solutions  of  ammonic  tartrate  and 
eodio  phosphate  with  minute  organic  im- 
purities, &c. 


Nature  of  Besulta. 

Within  two  to  four  days  marked  turbidity, 
owing  to  the  appearance  of  swarms  of 
Bacteria  and  Vihriones,  Fluids  more 
or  less  foetid.    (Putrefaction,) 

No  uniform  turbidity,  but  growth  of  floc- 
coli  in  a  more  or  less  clear  liquid.  After 
a  time  the  flooculi  ^x>mpo6ed  of  aggre- 
gated Bacteria  and  Vihrtanes)  gradiuilly 
subside,  and  the  activity  of  the  process 
oeuea.  Rmdi  either  fetid  or  Wing  » 
mere  sour  odour. 

Fluids  which  become  more  or  less  uni- 
formly and  rapidly  turbid,  owing  to  the 
appearance  of  swarms  of  ToruUs, 

Do  not  become  fisibly  turbid  or  produce 
visible  flooculi,  although  on  microsco- 
pical examination  they  may  be  found  to 
contain  livine  Bacteria  pretty  uniformly 
distributed,  but  in  comparatively  small 
quantities.  The  odour  is  often  not 
more  appreciably  altered  than  the  clear- 
ness ofsuch  solutions. 

Same  as  in  the  last  group  {,  though  afler 
weeks  or  months  a  dirty-looking  sedi- 
mentary matter  slowly  accumulates  at 
the  bottom  of  the  flask,  which  on  mi- 
croscopical examination  is  found  to  be 
composed  partly  of  Bacteria  with  Vi- 
hriones  ana  Leptothrix^  and  partly  of 
Torula  or  more  thick-walled  fungus- 
germs. 

Same  as  in  the  last  group,  only  the  dirty 
sedimentary  matter  which  accumulates 
never  contains  either  Bacteria,  Vibriones, 
or  Leptotkrix.  Living  Torula  and 
thick-walled  fungus-germs  in  various 
staees  of  formation  are  frequently  met 
wiQi,  and  also,  occasionally,  a  mycelium 
resulting  from  the  development  of  some 
of  these  bodies. 


*  I  have  had  no  experience  with  such  a  fluid  myself.  M.  Pouchet's  observations 
were,  however,  most  striking  on  this  subject  (see  his  *  Nouvelles  Experiences,'  Buis, 
1864,  p.  190). 

t  In  solutions  containing  iron,  green  organisms  may  subsequently  be  found  (see 
*  Beginnings  of  Life,'  vol.  ii.  p.  157). 

X  This,  in  fact,  is  in  many  cases  the  kind  of  change  which  the  fluids  laat  described 
ultimately  undergo.  ' 


884  Prof.  II.  C.  Bastian  on  the  Heat 

Nature  of  Fluids.  Nature  of  Kcsults. 

G.  Weakorstrongljaoid  infu8ionB,and  May  remain  permancnUj  barren,  and 
Alio  T03BMJ  taline  forutionB  containing  or-  never  show  any  traces  of  orgauismBi 

ganic  impurities.  either  dead  or  nving  *. 

II.  To  tho  second  subclass  belong  fluids  which,  after  exposure  to  a 
temperature  of  212°  F,  or  higher,  may  be  kept  clear  or  apparently  un- 
altered so  long  as  they  are  shut  off  from  contact  with  unheated  atmo- 
spheric or  other  organic  particles,  but  which  do  midergo  putrefaction,  or 
more  or  less  marked  fermentation,  soon  after  they  are  brought  into  con- 
tact even  with  mere  not-living  organic  matter. 

The  experiments  recorded  in  this  commimication  have  most  conclu- 
sively proved  the  efficacy  of  not-living  organic  matter  as  a  ferment  or 
inciter  of  change  in  preriously  barren  fluids.  And  combining  the  kno\\'- 
ledge  derived  from  these  experiments  ^\ith  that  which  we  now  possess 
concerning  the  absence  of  living  Bacteria^  Vihriones,  and  their  germs  in 
the  air,  together  with  the  known  prevalence  of  minute  organic  particles 
and  fragments  of  various  kinds,  the  explanation  of  M.  Pasteur's  cele- 
brated experiments  in  which  he  had  recourse  to  an  '*  ensemencement 
des  poussi6res  qui  existent  en  suspension  dans  Tair,"  becomes  quite  easy 
and  legitimate  without  having  recourse  to  the  hypothesis  of  Pau- 
spermismf.  Now,  also,  are  we  enabled  to  understand  all  the  apparent 
inconsistencies  of  those  experiments  in  which  previously  boiled  fluids 
have  been  exposed  to  the  ordinary  air  of  different  localities,  and  have  then 
been  resealed.  If  many  specimens  of  these  fluids  remained  unchanged, 
whilst  others,  after  a  few  days,  swarmed  \vith  Bcicteria  and  Vihriones,  we 
may  now  very  safely  attribute  these  previously  puzzling  results  to  the 
comparative  absence  or  presence  of  organic  fragments  in  the  part  ioular 
volumes  of  air  which  chanced  to  get  into  the  flasks,  and  to  the  different 
nature  of  tho  fluids  employed  by  different  experimenters  J. 

*  See  many  negative  experiments  recorded  in  '  The  Beginnings  of  Life/  vol.  i.  ch.  xi. 
Mr.  W.  N.  Hartley  has  laboured  very  industriously  to  disprove  something  which  I 
never  asserted  (see  Proceedings  of  Royal  Society,  vol.  xx.  p.  140).  In  my  early  paper  in 
*  Nature '  I  expressly  stated  that  organic  impurities  were  always  present  in  the  saline  solu- 
tions which  I  employed ;  and,  as  may  be  seen  by  the  note  appended  to  the  conclusions  of 
tliat  paper,  I  never  claimed  to  have  established  that  living  organisms  could  appear  in 
saline  solutions  free  from  traces  of  organic  impurity.  Mr.  Ilartley  did  attempt  to  work 
with  approximately  pure  saline  solutions,  and  in  other  respects  also  tlic  conditions  of  liis 
experiments  differed  so  much  from  mine,  that  the  results  which  he  obtained  could  not 
possibly  bo  considered  to  disprove  what  I  had  previously  stated.  Some  of  his  flasks  were 
heated  to  180^  C,  a  temperature  about  which  I  hod  said  nothing ;  and  whiL<t  his  organic 
infusions  were  too  weak,  some  of  his  saline  solutions  were  too  concentrated,  though  tho 
strengths  of  others  were  not  given  at  all.  Fluids  were  also  employed  (such  as  urine, 
heated  to  130P  0.)  which  I  liad  not  made  use  of,  and  wliich  I  should  not  have  thought 
of  experimenting  with. 

t  See  the  experiments  before  alluded  to, which  are  recorded  in  chaps,  iv.  &  v.  of 
his  Memoir. 

^  See  M.  Pasteur's  Memoir,  chap,  ni.,  and  also  Compt  Bend.  Nov.  5,  1800.     See 
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Many  of  the  fluids  which  habitually  remain  clear  after  a  previous  ebul- 
lition in  flasks  whose  necks  have  been  plugged  with  cotton-wool,  many 
times  bent,  or  hermetically  sealed  after  the  entry  of  calcined  air,  or  wheir 
enclosed  in  vessels  which  are  completely  full  (in  Oroithuisen's  fashion), 
belong  to  this  subclass.    In  other  cases,  however  (as  in  many  of  those 
instances  where  urine  or  hay-  or  turnip-infusions  have  been  employed), 
those  who  do  not  content  themselves  with  a  mere  naked-eye  inspection  of 
the  apparently  pure  fluids  would  find  on  microscopical  examination  of 
the  sediment  that  such  fluids  were  to  a  low  degree  self-fermentable-^ 
that  they  correspond,  in  fact,  with  group  E  of  the  last  subclass*;  whilst, 
in  addition,  my  researches  have  shown  that  many  of  such  fluids  are 
capable  of  being  rendered  self-fermentable  to  a  marked  degree,  if,  instead 
of  subjecting  them  to  contact  with  calcined  air  or  variously  filtered  air, 
its  reflux  after  ebullition  is  altogether  prevented  by  hermetically  sealing 
the  neck  of  the  flask  during  ebullition.     Operating  in  this  way,  I  have 
repeatedly  found  that  fluids  freed  from  the  pressure  of  air  and  from  its 
influence  altogether  become  to  a  marked  extent  self-fermentable,  although 
the  same  fluids  exposed  to  filtered  or  calcined  air  under  ordinary  atmo- 
spheric pressure  remain  unaltered  and  barren,  or  at  most  exhibit  the 
very  low  degree  of  fermentability  referred  to  as  characterising  group  Ef. 
But  just  as  amongst  the  self«fermentable  fluids  we  find  there  are  some 
which  only  engender  TorulcB  or  other  allied  fungus-germs,  so  now  we  find 
that  some  previously  boiled  fluids,  eveii  when  fully  exposed  to  the  air, 
swarm  only  with  Tonda.    Those  exciting  agents  derived  from  the  atmo- 
sphere which,  with  one  set  of  fluids,  initiate  changes  leading  to  the  evolu- 
tion of  Bacteria^  with  another  set  lead  only  to  the  evolution  of  Torulas. 
And  whilst  telling  us  that  the  Bacteria  which  appear  in  previously  barren 
fluids  after  exposure  to  air  are  not  due  to  their  contamination  with  germs 
of  Bacteria,  some  observers  would  have  us   conclude  that  the  Toruke 
which  appear  in  other  previously  barren  fluids  after  a  similar  exposure 
are  the  products  of  preexisting  aerial  germs  of  such  organisms.     This 
conclusion,  however,  cannot  readily  be  accepted  in  the  face  of  the  evidence 
derived  from  the  closed-flask  experiments  with  self-fermentable  fluids  of 
the  lowest  degree  j:.     Such  experiments,  in  fact,  render  the  hypothesis  as 

also  a  record  of  other  ezpcrimenta'made  with  the  air  of  alpine  regions  bj  MM.  Fouohet, 
Jolj,«nd  Muaset,  in  Compt.  Kend.  Sept.  21, 1863. 

*  Other  fluids  richer  in  organic  matter  or  otherwise  more  favourablj  endowed,  in- 
stead of  presenting  this  low  degree  of  self-fermentabilitj,  are  notably  prone  to  undergo 
change  when  we  attempt  to  preserre  them  in  the  manner  described,  although  such 
modes  of  preparation  do  sufiioe  for  preserving  so  many  fluids.  This  has  been  fiiUy 
admitted  by  Sohroeder  and  Dusch,  Schwann,  Pasteur,  and  others. 

t  In  illustration  of  this  statement  see  *  The  Beginnings  of  Life,'  Appendix  C,  Exps. 
yiii.,  iz.,  xiy.,  xr.,  xriii.,  xx.,  xxYi.,xxx.,  xxxiii.,  and  xxz?i. 

X  The  only  eyidence  in  favour  of  such  a  conclusion  is  not  one  jot  more  conclusive 
than  that  which  was  formerly  adduced  in  favour  of  the  universal  prevalence  of  Bacteria' 
germs  in  the  air. 


of  2\y.\  l'\t"(»r  1  Wf'iil y  ininutt's,  and  I  lla^('  oiicc  seen  llir  sail 
ill  an  unln'atfd  in!"u-i<iii  of  turnip  cxptKcd  lo  lln^  air,  tlion^ 
occasions  such  iid'u^ions  liaNc  >uarnicd  only  with  Ii((<f>ri'(  a 
Ou  the  other  hand,  a  boiled  ainiiionie-tartnite  solution  expo 
though  protected  from  an  excess  of  atmospheric  particlt\s  (f 
of  a  large  number  of  these  might  in  some  cases  incite  pu 
never  found  to  contain  Bacteria  ;  the  fluid  continues  ck 
sediment  gradually  accumulat'es  at  the  bottom  of  the  flask,  a 
Torula  and  other  fungus-germs  are  constantly  to  be  f ound- 
rous  though  otherwise  very  similar  to  those  which  are  to  b 
flasks  closed  during  ebullition,  or  in  others  to  which  only 
admitted.  Although  Tonilo!  only  appear  in  such  fluids,  the 
the  time  to  be  eminently  inoculable  by  Bacteria ;  and,  ag 
TondcB  begin  to  decay  they  are  apt  to  incite  a  more  or 
putre&ction,  during  which  the  fluid  gradually  becomes  turbid 
It  is,  in  fact,  a  general  rule  that  putrefaction  is  apt  to  su] 
a  fermentation  of  a  more  smouldering  type. 

III.  In  the  third  subclass  I  include  fluids  which,  aftei 
212°  F.  or  higher  temperatures,  are  unable,  either  alone  or 
fluenoe  of  ordinary  atmospheric  particles  or  fragments,  to  u 
faction,  although  such  a  process  can  invariably  be  initiat^i 
the  fluids  into  contact  with  living  ferments.  As  examples « 
I  may  cite  the  neutral  saline  solution  to  which  I  have  so  < 
and  that  known  as  Pasteur's  solution.  Other  fluids  of  i 
have  lately  been  referred  to  by  Professor  lluizinga*.     [ 
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What  we  have  learned,  therefore,  concerning  the  invariable  uniformity 
of  simple  inoculation  experiments  should  of  itself  teach  us  how  difficult 
it  would  be  to  account  for  cases  of  delayed  putrefaction,  or  for  cases  in 
which  a  mere  smouldering  fermentation  is  set  up,  by  the  old  though  now 
well-nigh  exploded  notion  of  contamination  by  preexisting  germs.  Where 
living  ferments  really  exist,  the  course  of  events  is  definite  and  almost  in- 
variable in  its  rapidity ;  but  where  fermentation  takes  place  as  a  result  of 
chemical  changes  occurring  in  the  fluid  itself  (either  by  its  own  unaided 
powers,  or  under  the  stimulating  influence  of  a  less-heated  organic  fer- 
ment) there  is  abundant  room  for  all  the  irregularity  and  variation  actually 
encountered.  These  cases  of  irregularity  and  variation  have  always,  on 
other  grounds,  defied  all  legitimate  attempts  to  bring  them  individually 
within  the  pale  of  a  narrow  and  exclusively  "  vital "  theory  of  fermenta- 
tion ;  and  now  a  wider  experience  with  living  ferments  equally  tends  to 
show  the  impossibility  of  legitimately  explaining  a  great  mass  of  irregular 
phenomena  by  means  of  agents  whose  action  is  shown  to  be  constant 
and  almost  invariable. 

Thus  it  can  now  be  proved,  \>f  evidence  of  a  most  unmistakable  nature, 
that  the  process  of  putrefaction  which  invariably  occurs  in  previously 
boiled  putrescible  infusions  contained  in  fiasks  with  narrow  but  open 
necks  is  not  commonly  (is,  perhaps,  only  very  rarely)  initiated  by  living 
germs  or  organisms  derived  from  the  atmosphere ;  it  can  also  be  proved 
that  putrefaction  and  the  appearance  of  swarms  of  Uving  organisms  may 
occur  in  some  boiled  fiuids  when  they  are  simply  exposed  to  air  which 
has  been  filtered  through  a  firm  plug  of  cotton-wool  or  through  the  nar- 
row and  bent  neck  of  a  fiask,  to  air  whose  particles  have  been  destroyed 
by  heat,  or  even  in  fiuids  hermetically  sealed  in  fiasks  from  which  all 
air  has  been  expelled.  The  evidence  in  our  possession  is  therefore  most 
complete  on  this  part  of  the  subject :  it  shows  beyond  all  doubt,  not  only 
that  putrefaction  may  and  does  very  frequently  occur  under  conditions  in 
which  the  advent  of  atmospheric  particles,  whether  living  or  dead,  is  no 
longer  possible,  but  also  that  living  particles  derived  from  the  atmosphere 
can  only  be  very  rare  and  altogether  exceptional  initiators  of  the  putre- 
faction which  invariably  occurs  in  previously  boiled  infusions  exposed  to 
the  air. 

Again,  the  evidence  which  we  now  possess  with  reference  to  the  infiuence 
of  heat  upon  Bacieria,  Vihriones^  and  their  supposed  germs  is  no  less  deci- 
sive. It  has  been  unmistakably  proved  that  such  organisms  and  their 
imaginary  germs  are  either  actually  or  potentially  killed  by  a  brief  expo- 
sure to  the  temperature  of  140° F.  when  in  the  moist  state;  and  it  had 
also  been  pre\'iously  established  that  they  are  invariably  killed  by  desic- 
cation even  at  much  lower  temperatures  *. 

*  See  the  experiments  and  conclusions  of  Dr.  Burdon  SandQT«cm.  \sv  *^^:^£i\Mtsci^ 
Keport  of  Med.  Officer  of  Privy  Council,  p.  61.    TbiE  tw^  ol  Viaa  \x«W^a^  ^1  ^«fe  ^- 
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But  if  living  germs  do  not  come  from  the  air  to  contaminate  the  pre- 
viously boiled  fluids,  and  if  it  is  not  possible  for  any  of  them  to  have 
escaped  the  destructive  influence  of  heat  in  tha  boiling  fluid  or  on  the 
walls  of  the  vessel  in  which  the  fluid  is  contained,  what  can  be  the  mode 
of  (Origin  of  the  swarms  of  living  things  which  so  rapidly  and  invariably 
appear  in  such  infusions  when  contained  in  open  flasks,  and  which  so 
frequently  appear  when  the  infusions  are  contained  in  flasks  whose  necks 
are  closed  against  atmospheric  particles  of  all  kinds?  They  can  only 
have  arisen  by  the  process  which  I  have  termed  Archebiosis. 

Conduiions, 

If  a  previously  boiled  ftmmonic-tartrate  solution  remains  free  from 
Bacteria  and  Vihriones  when  exposed  to  the  air,  it  is  because  the  air  does 
not  contain  living  organisms  of  this  kind  or  their  supposed  germs,  and 
because  mere  dead  organic  particles  are  not  capable  of  initiating  putre- 
faction in  such  a  fluid. 

And  if  ordinary  organic  infusions  previously  boiled  and  exposed  to  the 
air  do  rapidly  putrefy,  though  some  of  the  same  infusions  when  cxposei^- 
only  to  Altered  air  remain  pure,  it  is  because  such  fluids  are,  iu  the  ab- 
sence of  living  units,  quite  amenable  to  the  influence  of  the  dead  organic 
particles  which  the  air  so  abundantly  contains,  although  they  are  not  self- 
fermentable. 

Whilst  if  other  more  changeable  fluids,  after  previous  boiling,  when 
exposed  to  filtered  air  or  cut  off  altogether  from  contact  ^vith  air,  do 
nevertheless  undergo  putrefaction  or  fermentation,  it  is  because  these 
fluids  are  self-fermentable,  and  need  neither  living  units  nor  dead  organic 
particles  to  initiate  those  putrefactive  or  fermentative  changes  which  lead 
to  the  evolution  of  living  organisms. 

ganiBma  and  their  germs  to  resist  desiccation  shows  the  futility  of  some  objections  which 
hare  been  from  time  to  time  raised  bj  those  who  thought  tliat  Bacteria^  VibrioneSt  and 
their  germs  might  resist  the  destruotiye  influence  of  heat  by  adhesion  to  the  glass  above 
the  level  of  the  fluid,  or  even  in  the  fluid  itself,  just  as  dried  and  yerj  thick-coated  seeds 
haye  been  known  to  do.  Dry  heat  would  seem  to  be  even  more  fatal  to  such  orga* 
nisms  and  their  germs  than  a  moist  heat  of  the  same  degree,  owing  to  their  extreme 
inability  to  resist  desiccation :  if  they  become  dry  they  are  killed  at  a  temperature  of 
about  104®  F.,  whilst  if  they  remain  moist  they  succumb,  as  we  have  seen,  to  a  tempe- 
rature of  140°  P. 
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May  29,  1873. 
Sir  GEORGE  BIDDELL  AIRY,  K.C.B.,  President,  in  the  Chair. 

The  Croonian  Lecture,  "  On  Muscular  Irritability  after  Systemic 
Death,'^  was  delivered  by  Benjamin  Ward  Richardson, 
M.D.,  F.R.S. 

(Abstract.) 

The  Lecturer  commenced  by  referring  to  the  labours  of  Dr.  Croone, 
the  Physician  with  whose  name  this  lecture  is  connected.  Croone  was 
distinguished  as  one  of  the  founders  and  as  first  Registrar  of  the 
Royal  Society,  and  his  scientific  work  included  important  contributions 
to  the  subject  of  muscular  motion.  Immediately  preceding  Croone, 
^Nicholas  Stenon,  of  Copenhagen  (first  an  anatomist  and  afterwards 
Bishop  of  Heliopolis,  a  man  whom  llaller  has  described  as  vir  indmtrius^ 
candiduSj  innocuus  et  tnagnus  inventor,  and  whom  the  Grand  Duke  of 
Tuscany  buried  in  the  tomb  of  his  Royal  house),  had  made  known  the  fact 
that  the  contractile  portion  of  muscle  is  resident  in  the  cameous  or  fleshy 
part  of  the  muscle,  as  distinguished  from  the  fibrous  part.  This  discovery, 
seized  by  Croone,  led  him  to  observe  that  the  fleshy  part  of  muscle  is 
made  up  of  fibres,  and  that  each  fibre  possesses  a  distinct  power  of 
contraction ;  so  that,  to  use  his  own  words,  "  the  force  of  the  whole 
muscle  is  but  an  aggregation  of  each  particular  fibre." 

Upon  this  observation,  perfectly  original  at  the  time  it  was  announced, 
Croone  advanced  an  hypothesis  as  to  the  cause  of  muscular  motion. 
He  showed  that  for  muscular  contraction  it  was  necessary  that  the 
arteries  should  supply  blood  to  the  fleshy  muscular  fibres — that  the 
blood  should  pervade  the  fibres — that  in  its  course,  forced  on  by  the 
stroke  of  the  heart,  it  should  mix  with  another  liquor  within  the  muscles, 
and  difose  into  the  minute  vesicles  of  which  each  muscular  fibre  is 
ultimately  composed.  To  complete  the  mechanism  for  motion,  he  held 
that  the  nervous  filaments  which  ramify  into  each  muscle  supply  a 
refined  fluid,  much  more  active  than  the  muscular  fluid,  by  which  the 
activity  of  the  muscle  is  called  into  play. 

The  lecturer  neit  briefly  traced  the  various  hypotheses  that  have  been 
advanced  to  explain  muscular  motion  since  the  time  when  Croone  made 
his  original  observations,  the  purport  of  the  argument  being  that, 
although  great  advances  have  been  made  in  the  study  of  structure,  and 
one  very  great  advance  in  the  study  of  fimction,  viz.  by  Haller  in  his 
separation  of  the  respective  forces  of  nerve  and  muscle,  the  precise  question 
of  the  cause  of  muscular  motion  remains  much  in  the  same  doubt  as 
Croone  left  it. 

Respecting  the  various  theories  and  KylfoVk^^e^  Axvofe  *CtoR^  VBoafe  A 
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Croone,  the  author  had  nothing  to  say  in  detail ;  the  object  of  his  lecture 
was  to  put  forward  certain  facts  he  had  learned  on  the  phenomenon  of 
muscular  irritability  after  systemic  death — that  muscular  irritability 
which  remains  sometimes  for  a  brief,  at  other  times  for  a  long  period 
after  all  the  outward  manifestations  of  life  have  ceased,  and  when,  to  the 
common  apprehension,  the  animal  tissues  are  dead.  He  included  in  the 
same  study  certain  examples  in  which  muscular  irritability  has  for  a  time 
ceased,  but  has  become  redeveloped  under  new  conditions.  He  thus 
included  the  study  of  those  states  which  favour  the  continuance  of 
irritability  or  which  destroy  it,  and  those  conditions  which  suspend  it 
but  do  not  destroy  it.  By  this  method  of  research  the  author  thinks  we 
may  proceed  backwards  towards  living  irritability,  and  may  determine 
upon  what  that  depends  with  more  facility  than  by  experimenting  on  the 
phenomena  of  irritability  in  the  living  animal.  He  imagines  that  if  he 
knew  nothing  of  the  construction  of  a  watch,  or  why  for  a  certain  time 
a  watch  maintains  its  motion,  and  if  he  had  nobody  to  teach  him  these 
things,  he  might  be  better  able  to  arrive  at  the  fact  ho  wanted  by  trying 
to  set  the  motionless  watch  into  motion  than  by  interfering  with  it 
while  it  is  in  motion. 

The  record  of  experimental  endeavour  carried  out  with  the  design 
above  explained  included  a  review  of  the  work  of  twenty-five  years. 
The  subjects  brought  under  consideration  were  arranged  as  follows : — 

(1)  The  effect  of  cold  on  muscular  irritability  after  systemic  death. 

(2)  The  effect  of  motor  forces,  mechanical,  calorific,  electrical. 

(3)  The  effect  of  abstracting  and  supplying  blood. 

(4)  The  effect  of  certain  chemical  agents,  inorganic  and  organic. 

EffeH  of  Cold. 

Previous  to  the  time  of  John  Hunter  it  was  supposed  that  cold  was 
the  most  effective  agent  for  destroying  muscular  irritability,  and  to  this 
day  the  impression  is  commonly  maintained ;  so  that  the  sensation  of 
cold  in  a  motionless  animal  is  accepted  as  the  surest  evidence  of  death. 
Hunter  was  the  first  to  show  by  direct  experiment  that  this  was  an 
error,  and  that  cold  suspends  irritability  without  destroying  it.  The 
original  experiment  of  Hunter  illustrative  of  this  position  was  here 
described.  The  effects  of  cold  employed  in  various  ways  in  the  author  s 
experimental  researches  were  now  detailed  systematically.  The  effect 
of  cold  in  suspending  the  muscular  irritability  of  fish,  reptiles,  and  frogs 
was  first  described.  On  all  these  animals  it  was  shown  that  cold  could 
be  made  to  suspend  without  destroving  the  muscular  irritability  for  a 
long  period  of  time,  and  that  in  fish  (carp,  on  which  the  author  had 
made  the  greatest  number  of  experiments)  the  restoration  of  irritability 
could  be  perfected  to  the  extent  of  the  restoration  of  the  living  function. 
Passing  to  warm-blooded  animab,  the  author  showed  that  in  the  process 
of  cooling  in  every  animal  that  has  been  suddenly  deprived  of  life  with- 
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out  mechanical  injury  there  is  a  period  in  the  process  of  cooling  when 
general  muscular  irritability  may  be  made  manifest.  He  demonstrates 
this  fact  by  the  simple  experiment  of  throwing  a  current  of  water  heated 
to  115^  Eahr.  over  the  arterial  system  of  the  recently  dead  animal.  If 
the  surrounding  temperature  be  high  at  the  time  of  this  experiment,  the 
operation  should  be  performed  within  a  few  minutes  after  death ;  but 
if  the  temperature  be  below  freezing-point,  it  may  be  delayed  for  a  long 
period.  In  one  experiment  the  author  reproduced  active  muscular  con- 
traction in  an  animal  that  had  lain  dead  and  exposed  to  cold  6  degrees 
below  freezing-point  for  a  period  of  three  hours.  In  this  case  the 
muscles  generally  remained  irritable  for  seven  minutes  after  the  injection 
of  the  heated  water,  while  in  the  muscles  of  the  limbs,  by  repeating  the 
injection  at  intervals,  the  irritability  was  maintained  for  two  hours. 

The  author  drew  a  comparison  between  these  experimental  results  and 
the  phenomena  of  muscular  irritability  that  have  been  observed  in  the 
human  subject  after  death  by  cholera.  A  short  description  of  the 
muscular  movements  occurring  sometimes  after  death  from  cholera  was 
introduced.  The  movements  were  not  conscious,  nor  were  they  pro- 
moted by  electrical  excitation ;  but  the  flexors  and  extensors  belonging  to 
each  part  in  which  there  is  movement  are  alternately  contracted  and  re- 
laxed as  if  from  some  internal  influence.  The  same  observations  apply 
to  the  phenomena  of  contraction  and  relaxation  in  the  muscles  of  animals 
that  have  been  held  in  abeyance  by  cold  and  have  been  recalled  into 
action  by  the  injection  of  heated  fluids. 

The  influence  of  cold  in  suspending  without  destroying  muscular  irrita- 
bility was  further  evidenced  by  the  experiment  of  subjecting  some  young 
animals  to  death,  by  the  process  of  drowning  them  in  ice-cold  water.  It 
was  shown  that  in  the  kitten  the  muscular  irritability  may  be  restored  to 
the  complete  reestablishment  of  life  after  a  period  of  two  hours  of  apparent 
systemic  death,  although  the  muscles  when  the  animal  is  flrst  removed  . 
from  the  water  may  give  no  response  to  the  galvanic  current.  This 
same  continuance  of  irritability  after  apparent  systemic  death  by  drown- 
ing in  ice-cold  water  has  been  observed  in  the  human  subject,  not  in  so 
determinate,  but  in  an  approximated  degree.  An  instance  was  adduced 
in  which  a  youth  who  had  been  deeply  immersed  for  twelve  minutes  in  ice- 
cold  water  retained  muscular  irritability  so  perfectly  that  he  recovered, 
regained  consciousness,  and  lived  for  a  period  of  seven  hours. 

Commenting  on  the  method  of  irritability,  the  author  showed  that  a 
certain  period  of  time  is  required  before  the  irritability  is  raised  from  a 
mere  passive  condition,  in  which  it  responds  only  to  external  stimuli, 
into  the  condition  necessary  for  independent  active  contractility.  The 
change  of  condition  from  the  passive  to  the  active  state,  when  it  occurs,  is 
so  sudden  as  to  seem  instantaneous  at  first,  then  it  is  slowly  repeated. 
This  rule  holds  good  in  respect  to  volimtary  muscles  and  involuntsurj^  "^ 
is  specially  true  in  regard  to  the  heart,  wMct  OT^saV)  V\i<&  ^xj^ot  ^\»^^'^-» 
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may  perform  its  office  under  two  distinct  degrees  of  tension  or  pressure — 
a  low  tension,  in  which  the  organ  itself  is  reduced  in  size  and  moves 
almost  insensibly ;  and  a  full  tension,  in  which  it  is  of  larger  size  and 
moves  with  a  sufficient  power  to  impel  the  blood  so  as  to  overcome  the 
arterial  elasticity  and  the  capillary  resistance. 

Another  fact  bearing  on  this  subject  is,  that  in  rapid  decline  of  muscular 
irritability  the  muscles  most  concerned  in  the  support  of  the  organic 
functions,  namely  the  heart  and  the  muscles  of  respiration,  are  the  last  to 
yield  up  their  spontaneous  power ;  but  when  they  have  lost  their  power, 
they  ar9  the  lost  to  regain  it.  To  this  rule  there  is  one  exception,  viz.  in 
the  muscular  fibre  of  the  right  auricle  of  the  heart. 

The  author  then  explained  that  the  degree  of  cold  which  suspends 
irritability  is  fixed  within  certain  measures  of  degree,  from  38°  to  2S°  E. 
being  the  most  favourable  degrees  of  cold.  Above  a  temperature  of 
38^  Pahr.  the  muscles  in  a  little  time  pass  into  permanent  rigidity,  rigor 
mortis.  Below  28^  the  muscles,  if  the  effect  of  the  cold  be  exteuded  to 
their  whole  structure,  pass  into  some  new  molecular  condition  from  w^hich 
they  do  not  return  into  active  life,  at  least  they  do  not  by  means  of  any 
process  of  recovery  of  which  we  are  at  present  conversant. 

Eftct  of  Motor  Forces. 

Cold,  by  the  inertia  it  induces,  suspends,  under  certain  conditions,  but 
does  not  destroy,  muscular  irritability.  The  motor  forces,  on  the  contrary, 
quicken  the  irritability  for  a  brief  period,  and  then  completely  destroy  it. 
A  method  may  perhaps  be  discovered  for  overcoming  the  effects  of  these 
forces,  but  at  present  it  is  not  kno>^ii.  The  mode  in  which  all  the 
motor  forces  act  in  arresting  irritabiHty  is  by  the  induction  of  a  con- 
tractile state,  which,  once  established,  remains  permanent.  It  should  be 
remarked,  however,  that  the  forces  respectively  named  mechanical, 
calorific,  electrical,  act  with  different  degrees  of  intensity,  perhaps  because 
we  cannot  as  yet  apply  them,  in  this  particular  research,  \^'ith  equal 
measures  of  intensity.  The  author  here  related  his  experiments  on  the 
effect  of  the  different  forces  upon  the  right  auricle  of  the  heart,  and  re- 
ported as  the  result  of  his  obser\'ations  that,  while  all  the  forces  act 
ultimately  alike  in  producing  permanent  contraction,  the  mechanical  ex- 
citation is  much  slower  than  the  calorific;  while  electrical  excitation 
appears  to  hold  an  intermediate  place,  as  if  it  were  a  combination  of 
mere  mechanical  motion  with  an  increased  temperature.  Electrical  teusion 
may  nevertheless  be  increased  so  as  to  rival  heat  in  its  immediate  effect 
on  contraction. 

The  author  here  traced  out  the  results  of  a  series  of  short  sharp 
irritations  of  muscle  ^\'ith  a  needle-point,  and  compared  them  with  the 
effect  of  a  blow,  showing  that  in  each  case  rigidity  follows,  but  is  much 
slower  in  development  when  it  is  excited  by  the  needle. 

The  influence  of  heat  in  destroying  irritability,  by  its  power  of  pro- 
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ducing  permanent  contraction,  was  described  from  experiments  bearing 
on  the  relation  of  temperature  to  the  muscular  contraction  of  different 
animals — frogs,  pigeons,  and  rabbits.  It  was  shown  that  a  relative  rise 
in  temperature  in  each  class,  a  rise  averaging  12  degrees  in  Fahr.  scale, 
from  the  natural  temperature  of  the  animal  is  efficient  for  producing 
permanent  rigidity,  the  cause  of  the  ultimate  rigidity  being  coagulation 
of  the  coagulable  muscular  fluid. 

The  effect  of  electrical  excitation  is  in  the  same  direction,  but  is  varied 
according  to  the  mode  in  which  the  excitation  is  performed.  Discharge 
from  the  Leyden  jar  produces  contraction,  which  is  permanent  or  inter- 
mittent in  accordance  with  the  mass  of  the  muscle  and  the  intensity  of 
the  discharge.  This  fact  was  elucidated  by  reference  to  a  series  of 
experiments  wdth  a  Leyden  battery,  placed  in  cascade,  and  the  effect 
produced  by  the  discharge  from  96  feet  of  surface  upon  animals  of 
different  sizes  and  weights,  from  sheep  down  to  pigeons,  as  well  as  on 
sections  of  the  bodies  of  the  same  animals  immediately  after  death.  The 
experimental  facts  demonstrated  that  with  an  efficient  discharge  the 
whole  muscular  system  of  a  small  animal  could  be  fixed  instantly  in  the 
rigidity  of  death,  and  that  the  precise  position  of  the  animal  at  the  period 
immediately  preceding  death  was  retained  with  such  perfection,  so 
sudden  was  the  change,  that  nothing  but  physical  examination  by  the 
hand  could  bring  to  the  mind  the  fact  that  the  animal  had  passed  from 
life  into  death. 

But  the  same  shock  passed  through  a  sheep  weighing  54  pounds  pro* 
duced  only  a  temporary  contraction  of  muscle,  and  required  several 
repetitions  before  the  rigidity  was  rendered  permanent. 

By  employing  discharges  of  lower  tension  it  was  found  that  muscles,  or 
special  tracts  of  muscles,  in  the  same  animal,  immediately  after  its  death, 
could  be  made  rigid  quickly  or  slowly  by  variation  of  the  intensity  of 
the  discharge. 

The  effect  of  the  intermittent  electro-mngnetic  current  was  next 
brought  forward,  and  was  shown  to  resemble  closely  that  of  the  simple 
electrical  discharge  from  the  Leyden  phial.  Litensified  it  induces  in- 
stant and  permanent  contraction ;  and  if  it  be  repeated,  even  with  but 
sufficient  force  as  to  call  forth  feeble  contraction,  it  destroys  the  irrita- 
bility, cceteris  paribus,  more  quickly  than  if  the  muscle  had  been  left  at  rest. 

Parenthetically,  the  lecturer  dwelt  here  on  the  common  practice  after 
sudden  death  of  endeavouring  to  excite  the  action  of  the  enfeebled  heart 
by  passing  through  it  an  electrical  current.  Some  practitioners,  said  the 
author,  have  gone  so  far  as  to  introduce  a  needle  into  the  heart  itself, 
and  to  make  the  needle  act  as  one  of  the  conductors  from  a  battery. 
Such  experimentalists,  before  they  undertake  this  operation  on  the 
human  subject,  should  at  least  observe  the  effect  of  the  agency  they  are 
employing  on  the  exposed  heart  of  an  inferior  animal  recently  and 
suddenly  killed  by  drowning  or  by  a  narcotic  vapour.    They  would  learn 
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tiien  with  what  infioite  faci&^'the  muscuhtr  irritability  of  the  heart,  in 
all  it^  parts,  ia  excited,  for  a  moment  only,  to  be  permanently  destroyed. 
They  would  leom  that  if  blood  be  not  passing  through  the  muscular 
structure  coDcurreatly  with  the  exciting  agent,  they  could  not  more 
effectually  arrest  function  than  by  the  very  method  they  have  adopted  to 
sustain  it. 

The  influence  of  the  coutdnuons  current  on  muscular  irritability  was 
introduced  by  the  author,  together  with  a  special  reference  to  the  first 
experiments  of  Aldini  on  the  bodies  of  malefactors  who  had  been  recently 
executed ;  and  it  was  shown  from  Aldini's  most  noted  experiment  how 
largely  the  phenomena  of  motion  he  induced  in  a  dead  man,  and  the 
recital  of  which  caused  so  much  sensation  in  the  ye^  1803,  was  due,  not 
to  the  g^Taniam,  but  to  the  circumstance  that  the  dead  body  had  been 
exposed  for  the  hour  after  death,  and  before  the  experiments  com- 
menced, to  the  action  of  cold  two  degrees  below  freedng-poiut.  On 
the  whole  the  continuous  current  acts  on  muscular  fibre  after  the  manner 
of  heat.  If  the  muscle,  recently  dead,  be  exposed  to  cold,  the  current, 
when  sufficient,  restores  for  a  limited  period  the  irritability,  and  finally 
destroys  it  by  inducii^  persistent  contraction ;  if  the  muscle,  recently 
dead,  be  left  at  its  natund  temperature,  the  current  simply  shortens  the 
period  of  irritability  by  quickening  contraction. 

Abitradioa  and  Supply  of  Blood. 

TTnder  this  head  the  author  first  considered  the  effect  of  abstraction 
of  blood  from  the  living  muscular  fibre.  Ho  showed  that  when  the  flow 
of  blood  was  very  rapid,  there  was  invariably  a  given  period  of  muscular 
excitation.  In  sheep  killed  in  the  slaughterhouse  he  found  that  this 
muscular  excitement  occurred  at  the  time  when  the  proportion  of  blood 
removed  from  the  animal  was  equivalent  to  about  the  320th  part  oE  the 
weight  of  the  animal.  The  increased  irritability  passes  rapidly  into 
general  eonvulHioo  without  consciousness,  and,  as  a  rule,  ceases  for  a  time 
with  a  temporary  cessation  of  further  loss  of  blood.  After  this  the 
irritability  remains,  if  the  bleeding  be  arrested  altogether,  and  can  be 
called  into  action  by  any  eztemid  stimulus,  although  it  is  rarely  spon- 
taneously manifested  when  the  vessels  are  left  divided  and  open.  After 
on  interval  of  one  or  two  minutes  there  is  a  recurrence  of  loss  of  blood, 
followed  by  a  muscular  excitement  which  marks  the  moment  of  S3"steniic 
death.  The  breathing  and  circulation  cease,  but  the  voluntary  muscles 
retain  their  irritability  for  several  minutes,  until  they  undergo  per- 
manent contraction ;  indeed  they  retain  their  irritability  under  the  influ- 
ence of  cold  and  lose  it  imdor  the  influence  of  mechanical  motion,  heat, 
or  electricity  as  markedly  as  when  death  has  been  produced  without 
abstraction  of  blood. 

The  fact  of  the  two  stages  of  exalted  muscular  irritability  during 
abstraction  of  blood  is  important,  as  indicating  the  two  different  teusioua 
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of  muscle  to  nbicb  reference  has  already  been  made.  Tbe  firBt  convulsive 
action,  convutsion  of  syncope,  marks  a  definite  period,  when  the  tension 
of  the  heart  and  therewith  of  the  whole  vascnlar  ayetem  ia  reduced  toa 
degree  of  action  well  defined  and  attended  with  definite  phenomena.  In 
this  stage  the  force  of  the  heart  ia  sufficient  to  move  the  unconscious 
muscles,  and  gradually,  if  blood  be  resupplied,  to  lift  them  again  into  the 
condition  for  the  sudden  development  of  active  consdous  life.  The  second 
excitement,  conrulaion  of  death,  indicates  the  period  when  the  passive  or 
lower  tens^ion  of  the  muscular  power  ceases. 

A  distinction  was  here  drawn  by  the  author  between  the  muscular 
condition  present  during  syncope  and  during  death.  Syncope,  it  n'as 
urged,  means  the  continued  action  of  the  heart  at  a  low  tension,  from 
which  it  can  be  suddenly  raised  into  full  tension  with  restoration  of  the 
powers  of  life  ;  death  means  the  cessation  of  the  lowest  tension  at  which 
the  heart  can  effectively  work. 

It  was  shown  that  in  all  the  cases  of  restored  animation  after  apparent 
death  the  condition  of  the  heart  was  that  of  a  muscle  acting  under  the 
lower  degree  of  tension.  In  this  intermediate  stage,  between  syncope  and 
death,  the  most  striking  results  were  obtainable  ;  but  beyond  this  stage 
the  methods  so  successful  during  it,  were  practically  useless  for  restoration. 

The  experiments  of  the  author  for  reestablishing  artificial  respiration, 
together  with  artificial  circulation,  and  of  these  combined  with  electrical' 
excitation  of  the  nervous  centres,  were  next  referred  to ;  but  as  they  bad 
already  formed  the  subject  of  a  paper  read  before  the  Society,  they  were  but 
briefly  dwelt  upon.  If,  continued  the  author,  the  question  be  asked,  why, 
at  a  certain  stage  of  hsemorrhage,  there  is  development  of  muscular  excdta- 
bility,  the  answer  is  not  difficult.  The  phenomenon  is  probably  due  to 
an  irregularity  in  the  distribution  of  power  between  the  muscular  organ 
and  the  nenous  centre  with  which  it  is  connected :  the  effect  is  due, 
that  is  to  say,  to  a  continued  nervous  iiritation  applied  to  the  muscle 
after  the  resistance  of  the  muscle  is  impaired,  while  the  cessation  of  the 
motion  is  due  to  the  nervous  exhaustion  that  succeeds.  In  this  first 
series  of  changes  the  voluntary  muscles  and  the  voluntary  centres  aie 
involved ;  but  the  loss  of  blood  continuing,  the  same  series  of  changes 
affect  in  turn  and  in  like  order  the  involunt^  muscles  and  their  nervous 
centres:  the  result  of  this  is  the  second  convulsion,  indicating  death, 
after  which  there  is  no  further  motion  except  that  which  belongs  to  par- 
ticular parts  ;  there  is  no  central  motion,  that  is  to  say,  supplying  all 
parts  as  from  a  prime  source  of  power,  and  sustaining  all  parts  from  a 
prime  direction  of  the  motion  supplied. 

The  author  described  in  this  place  a  number  of  experimental  attempts 
to  presene  blood  for  the  purposes  of  transfusion.  He  had  endeavoured 
to  preserve  by  slow  desiccation  of  blood;  but  had  found  that  when  blood 
was  submitted  to  evaporation,  however  slowly,  an  albuminous  pellicle 
formed  on  the  upper  surface,  exactly  as  caeeine  forms  on  milk,  and  this 
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prevented  the  perfection  of  the  process.  Eecentljr  he  had  been  more 
successful  by  evaporating  blood  to  which  saline  substances  had  been 
added ;  he  could  not,  at  the  same  time,  pronounce  what  he  considered  a 
satisfiictory  termination  of  this  line  of  experimental  inquiry. 

Effect  of  same  Chemical  Agents, 

In  this  portion  of  his  lecture  the  author  detailed  a  series  of  experi- 
mental researches  with  various  chemical  substances,  organic,  inorganic, 
and  intermediate,  which  tend  to  prolong  the  period  of  muscular  irrita- 
bility by  diffusion  through  the  tissues  of  animals  recently  dead.  The 
substances  which  suspend  irritability  act  in  two  ways.  Some,  like  chloride 
of  sodium  and  other  soluble  saline  substances,  act  merely  by  holding  the 
coagulable  fluid  of  the  muscular  tissue  in  a  continued  state  of  fluidity ; 
others  seem  to  have  a  different  action,  and  to  hold  the  nen'ous  function 
also  in  suspense.  The  nitrite  of  amyl  and  other  members  of  the  nitrite 
series  belong  to  this  last-named  class  of  agents,  and  some  of  the  cyanogen 
bodies  exert  a  similar  influence.  In  experiments  with  nitrite  of  amyl 
on  cold-blooded  animals  (frogs),  the  author  had  suspended  muscular  irri- 
tability for  a  period  of  nine  days,  and  had  then  seen  it  restored  to  the 
extent  even  of  restoration  of  life.  In  one  instance  this  restoration  took 
place  after  the  commencement  of  decomposition  in  the  web  of  the  foot  of 
the  animal.  In  warm-blooded  animals  a  series  of  suspensions  had  been 
effected  by  nitrites  and  also  by  cyanogens,  not  for  so  long  a  period,  but  for 
periods  of  hours,  in  one  instance  extending  to  ten  hours. 

Under  the  head  Action  on  Nervous  Matter  the  author  included,  finally,  a 
description  of  certain  experiments  he  had  made  to  determine  the  direct 
effects  of  some  agents  upon  the  nervous  matter.  In  the  whole  series  of 
his  inquiries  no  fact  had  impressed  him  more  forcibly  than  this,  that  the 
muscular  irritability,  in  so  far  as  it  belongs  to  the  muscle,  may  be  sustained 
for  hours  after  the  ner\^ous  excitation  which  calls  it  into  spontaneous  action 
has  ceased.  Hereupon  he  infers  that  after  death  the  nervous  matter  imder- 
goes  a  change  of  condition  which,  in  result,  is  identical  with  that  change  in 
muscle  which  we  call  rijor  mortis.  There  is  evidence,  moreover,  from  «ome 
rare  cases,  that  the  final  inertia  of  nenous  matter  may  be  suspended  and 
revived,  so  that  all  the  muscles  may  be  reanimated.  This  point  was 
elucidated  by  reference  to  the  phenomena  that  had  recently  been  obsen  ed 
by  Mr.  Wadsdale  Watson,  of  Newport,  Monmouthshire,  on  a  double 
monster,  photographs  of  which  were  placed  before  the  Society.  In  this 
instance  two  children  were  bom  so  attached  that  the  separation  of  them 
was  impossible.  Both  lived  equally  for  three  hours  after  birth,  and  then 
one  died  and  remained  dead  for  three  hours,  while  the  other  lived.  At 
the  end  of  the  time  named  the  dead  child  recommenced  to  breathe,  and 
showed  other  signs  of  restored  muscular  power;  then  it  sank  into  a 
second  death,  but  at  intervals  of  about  four  hours  moved  again ;  at 
length,  twenty-three  hours  after  its  fii^l  a\)^T»iit  death,  during  a  fit  of 
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crying  of  the  living  child,  it  recovered  sufficient  power  to  brentfae  and  even 
to  cry,  ftnd  msaifeeted  evidence  of  life  in  all  its  muscles,  except  the 
heart,  for  twenty  minutea,  when  it  had  a  severe  convuluoiti  whicli  stopped 
all  further  motiou. 

In  this  instance  the  author  believed  that  the  relenticai  of  muscular  irri- 
tability had  depended  upon  the  retention  in  the  nervous  organiam  of  the 
conditions  necessary  for  exciting  motiou.  He  proceeded  to  describe  his 
researches  as  to  the  possibility  of  suspending  nervous  changes  incident  to 
death,  so  as  to  retain  the  condititHia  requisite  for  the  communication  of 
nervous  impulse  to  muscular  fibre. 

1 .  There  are  three  degrees  of  muscular  irritability — the  active  effident, 
pasNive  efficient,  negative  inefficient.  The  muscle  after  death  may  be 
suspended  in  any  of  these  conditiona  for  action  ;  but,  aa  a  rule,  it  is  the 
last  condition  only  that  is  maintuned  long  after  death, 

2.  Muscular  irritability  may  be  suspended  or  stopped  altogether  under 
three  difCerent  conditions,  having  reference  to  its  connexion  with  nervous 
activity ; — (o)  The  nenous  and  muscular  activities  may  be  smpeoded 
equally,  on  i\-hich  there  may  follow  spontaneous  return  of  motion.  (6) 
The  muscular  irritability  may  outlive  the  nervous  function,  on  which  the 
phenomenon  of  irritability  may  be  induced  by  the  application  of  the 
motor  forces,  but  there  is  no  return  of  spontaneous  irritAbility,  i.  e.  of 
irritability  belonging  to  the  animal  as  an  independent  agent,  (o)  The 
nervous  function  may  outlive  the  muscular  irritability,  under  which  dr- 
cumatances  irritability  ia  invariably  stopped  by  the  production  of  per^ 
aistent  contractility  of  the  muacular  fibre. 

3.  Nervoua  activity  exdting  muacular  action  is  identical  with  all  the 
motor  forces,  and  particular  to  none.  It  is  equivalent  to  mechanical, 
calorific,  or  electrical  force,  and  equally  susceptible  of  manifestatioa 
through  either. 

4.  Muscular  Irritability  after  death  b  possible  under  conditions  which, 
so  far,  are  thus  knon'u.  Cold,  in  certain  defined  degrees,  suspends 
without  destroying  it.  The  motor  forces  strike  it  into  rest.  Blood 
sustains  it  or  stops  it  according  to  the  balance  of  power  existing  between 
the  muacular  and  neri'oiis  systems.  Some  chemioal  agents  suspend  it 
independently,  others-  suspend  it,  together  and  equally,  with  suspension 
of  the  nervuua  function.  When  auapenaion  ia  equal  there  may  be 
spontaneous  return  ;  when  it  is  unequal  there  ia  no  return. 

In  conclusion,  the  author  said  there  had  been  six  great  advances 
iu  physiological  medicine — viz.  the  introduction  of  the  art  of  anatomy, 
the  discovery  of  the  drcuktion  of  the  blood,  the  discovery  of  the  chemical 
process  of  reapiration  and  nutrition,  the  discovery  of  the  ultimate  struc- 
ture of  animal  bodies,  the  discovery  o£  oumoaw  wiA.  A  "floft  t^»S»i.- 
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loidal  aud  coltoidnl  condidonB  of  aDimal  matter,  and  tbo  discovery  of 
metbods  for  the  general  and  local  extinction  of  pain.  The  next  grand  od- 
vaoce  has  for  its  design  the  discovery  of  the  precise  relationships  cj nervous 
to  muscular  structure  in  the  living  and  in  the  dead  conditions.  That 
established,  the  pheuomeaa  of  muscular  movement,  its  suspensimi  or  its 
destruction,  will  be  understood  like  every  other  physical  fact  that  lies  this 
side  of  oltimate  ^t — that  is  to  say,  that  lies,  as  this  clearly  does,  within 
the  range  of  e;[perimental  inquiry. 


June  12,  1873. 

The  Anniu  Meeting  for  the  election  of  Fellons  was  held  this  day. 

air  GEORGE  BIDDELL  AIRY,  K.C.B.,  President,  in  the  Chair. 

The  Statutes  relating  to  the  election  of  Fellows  having  been  read, 
lieut.-Col.  Strange  and  Dr.  "Webster  were,  with  the  consent  of  the 
Society,  nominated  Scrutators  to  assist  the  Secretaries  in  examining  the 
lists. 

The  votes  of  the  Fellows  present  haviug  been  collected,  the  following 
Candidates  were  declared  to  be  duly  elected  into  the  Society  :^ 


William  Aitken,  M.D. 

Sir  Alexander  Armstrong,  MJ)., 

K.C.B. 
Robert  Stawell  Ball,  LL.D. 
John  Beddoe,  M.D. 
Frederick  Joseph  Bramwell,  C.E. 
Captiun  Edward   Killwick  Calver, 

K.N. 
Robert  Lewis  JohnEllery,F.R.A.S. 


Lieut.-Col.  James  Augustus  Grant, 

C.B.,  C.S.I. 
Clements  Bobert  Markham,  C.B. 
George  Edward  Paget,  M.D. 
Geoi^  West  Eoyston-Pigott,  M.D. 
Oebert  Salvin,  M.A. 
The  Hon.  John  William  Strutt,  M.A. 
Henry  Woodward.  F.Q.S. 
James  Toung,  F.C.S. 


Thanks  were  given  to  the  Scrutators. 


June  19,  1873. 

WILLIAM  SPOTTISWOODE,  M.A.,  Treasurer  and  Vice- 
President,  in  the  Chair. 

Sir  Alexander  Armstroug,  Dr.  Bobert  Stawell  Ball,  Mr.  Frederick 
JoEcph  Bramwell,  Captain  Edward  Killwick  Calver,  Lieut.-Col.  J.  Au- 
gustus Graut,  Mr.  Clements  Eobert  Markham,  Dr.  George  West  Bovslon- 
Pigott,  Mr.  Henry  Woodward,  and  Mr.  Jsmes  Toung  were  admitted  into 
the  Society. 

Tbe  following  communicAtioos  were  tetA.-. — 
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I.  "  Experiments  on  the  Dcve'opment  of  Bacteria  in  Organic  Infu< 
Bions."  Sy  C.  C.  Ponx,  M.B.,  Demonstrator  to  the  Regius 
Profesaor  of  Medicine,  and  E.  Ray  Lankestek,  M.A.,  Fellow 
and  Lecturer  of  Eseter  College.  Communicated  by  Dr. 
H.  W.  D.  AcLANDj  RadcUSe  Librarian  and  Regius  Professor 
of  Medicine  in  the  Univeroity  of  Oxford.  Received  April 
16,  1873. 

The  foUowing  passage  from  Dr.  Charlton  Bastion's  'B^innings  of 
Life'  (vol.  i.  p.  42!))  induced  us  to  make  experiments  similar  to  those 
mentioned  in  it,  with  the  view  of  testing  the  correctness  of  Dr.  Bastisn's 
conclusion  as  to  matter  of  fact : — 

"  On  the  other  hand,  the  labours  of  very  many  experimenters  have  now 
placed  it  beyond  all  question  of  doubt  or  cavil  that  Uving  BaeUria,  Torula, 
and  other  low  forms  of  life  will  make  their  appearance  and  multiply  within 
hermetically'Sealed  flasks  (containing  organic  infusions)  which  had  been 
previously  heated  to  212°  P.,  even  for  one  or  two  hours.  This  result  is 
now  so  easily  and  surely  obtainable,  as  to  make  it  come  within  the 
domun  of  natural  law."  And  in  a  note  is  added,  "  In  a  very  large 
number  of  trials  I  have  never  had  a  single  fulure  when  an  infusion  of 
turnip  has  been  employed ;  and  from  what  I  have  more  recently  seen  of 
the  effects  produced  by  the  addition  of  a  very  minute  fragment  of  cheese 
to  such  an  infusion  (see  Appendix  C,  pp.  3Utxiv-iixviii),  I  fully  believe 
that  in  99!)  cases  out  of  1000,  if  not  in  eveiy  case,  a  positive  result  could 
be  obtained."  Though  this  is  one  out  of  a  great  number  of  statemente 
made  by  Dr.  Bastiau  upon  which  he  bases  speculations  as  to  the  prevalence 
of  spontaneous  geueration  or  archebiosis,  we  think  it  necessary  to  state 
that  we  have  not  considered  that  (which  is  a  question  of  interpret«tion) 
as  the  point  at  issue,  but  merely  the  question  of  fact  as  to  the  appearance 
of  Bacteria  in  what  may  be  considered,  according  to  our  present  lights, 
infusions  duly  guarded  from  inoculation.  The  point  nnder  discussion  is 
one  as  to  a  fact  in  the  natural  history  of  Badtria,  in  a  further  study  of 
which  we  are  occupied  at  the  instance  of  the  BadcliSe  Tnist«es ;  and 
we  believe  that  a  more  precise  knowledge  of  the  life-history,  life-con- 
ditions, and  various  forms  of  these  organisms  is  necessary  before  the 
hypothesis  of  their  spontaneous  generation  can  serve  as  a  safe  guide  in 
scientific  investigation. 

The  experiments  recorded  below  were  made  with  infusion  of  hay  and 
with  infusion  of  turnip,  sometimes  with  the  addition  of  a  few  fragments 
of  pounded  cheese.  It  is  necessary  at  once  to  call  attention  to  three 
precautions  which  we  have  token,  and  which  we  think  are  indispensable ; — 
1.  Recognizing  the  fact  that  the  presence  of  lumps  is  a  possible  source 
of  error,  we  excluded  these  from  our  infusion,  either  h'j  ^Xmi^tm.  •«  Nsj 
decantation.    2.  To  ensure  the  satisfactory  exposon  (A.  ^^VbiJUa  >sn^«Ete 
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of  the  tube  to  the  boiling  temperature,  we,  as  a  rule,  compleiehj  submerged 
our  experimental  tubes  in  boiling  water  for  a  period  varying  from  five 
minutes  to  half  an  hour.  3.  The  substances  used  in  preparing  the  in- 
fusions being  necessarily  of  a  very  heterogeneous  nature,  we  always 
examined  samples  of  the  infusions  before  and  after  boiling,  at  the  time  of 
closing  the  tubes,  and  were  thus  able  to  determine  whether  any  change 
had  taken  place  in  the  visible  particles  contained  in  the  fluid  after  a 
lapse  of  time. 

The  microscopes  used  by  us  throughout,  working  side  by  side  mth 
samples  from  the  same  infusion,  were  a  Hartnack'a  Stative  YUI,  ob- 
jective No  10  k  immersion,  ocular  4,  belonging  to  the  anatomical  depart- 
ment of  the  University  Museum,  and  a  large  Powell  and  Lealand  beloDg- 
ing  to  the  Badcliffe  Trustees,  which  is  provided  with  a  ^^  and  a  -^  ob- 
jective. The  former  of  the  two  English  glasses  was  more  usually  em- 
ployed than  the  latter,  on  account  of  its  greater  convenience  in  manipu- 
lation. 

Appeara/nMS  in  freMy  prepared  infusions, — Since  the  objects  seen  in 
tuch  infusions  are  remarkable,  and  have  doubtless  sometimes  led  to  error 
in  subsequent  examination  of  infusions,  we  may  draw  attention  to  them 
now.  In  such  freshly  prepared  infusions  we  have  not  unfrequently  seen 
appearances  agreeing  very  closely  with  some  of  those  figured  by  Dr. 
Bastian  in  his  book  as  coming  into  existence  after  boiling,  sealing,  and 
preservation  in  a  warm  chamber.  A  freshly  prepared  and  boiled  strong 
infusion  of  hay  may  present  shreds  of  vegetable  fibre,  a  considerable 
number  of  dead  Bacterium  termo  (some  two  or  three  to  the  field), 
minute,  highly  refringent  spherules,  varying  from  the  size  of  a  blood- 
corpuscle  to  the  smallest  size  visible ;  and  such  spherules  are  often 
present  in  pairs,  forming  figure-of-S-shaped  bodies,  both  smaller  and 
larger  than  Bacterium  and  of  different  optical  character.  Further,  dumb- 
bell-shaped bodies  are  not  imfroquently  to  be  observed  of  similar  form 
and  size  to  Bacteria^  but  coarser  in  outline;  they  dissolve  on  addition 
of  HCl,  which  Bacteria  do  not*.  All  these  bodies  exhibit  constant 
oscillatory  (Brownian)  movements.  The  addition  of  new  cheese  to 
such  an  mf usion  (as  shown  by  examination  of  a  simple  infusion  of  new 
cheese  taken  by  itself)  adds  a  considerable  number  of  highly  refringent 
spherules  of  various  sizes  (oil-globules)  and  finely  granular  flakes,  alvso  a 
few  Bacteria  and  (if  the  cheese  be  not  quite  new,  almost  certainly)  fungus- 
mycelium  and  conidia  in  quantity. 

Fresh-boiled  turnip-infusion  alone  may  contain  so  very  few  dead 
Bacteria  that  none  are  detected  with  the  microscope,  or  only  one  in  a 
drop.  It  presents  a  great  number  of  minute,  highly  refringent  spherules, 
varying  in  size  from  thjW  "*^^  downwards,  all  in  most  active  oscillatory 

*  In  Iho  most  carefully  guarded  of  the  cxpcrimonts  published  by  Dr.  Cliild  a  few 
jeurs  since  in  the  'Proceedings  of  the  Boyol  Society/  a  very  small  number  of  bodies 
0/miJar  to  fheae  were  obtained ;  and  we  euggeit  \]bak\»  Uiey  were  of  the  siuue  nature. 
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movement,  Sbreds  and  filameats  of  Tarioua  sues  and  character  also 
ore  found,  and  a  few  finely  granular  flakes  about  jTi'gi;  inch  indiameMr. 
The  addition  of  cheese  brings  in,  of  course,  the  objects  enumerated 
above  as  belonging  to  it. 

Vinhility  of  BacUria. — It  is  perhaps  necessary  to  say,  before  pro- 
ceeding further,  that  we  have  satisfied  ourselres  that,  in  infusions  of  the 
optical  character  of  those  used,  the  multiplication  of  Bacteria  makes  itself 
obvious  by  &  cloudiness.  Hence,  though  we  have  not  remuned  content 
with  that  evidence,  the  retention  by  such  a  limpid  infusion  of  its 
limpidity  is  a  proof  of  the  absence  of  Baettria,  We  also  should  mention, 
what  is  well  known  already,  that  in  a  closed  tube  or  bottle,  after  such 
a  cloud  (of  BacUria)  has  developed,  the  Bacteria  at  a  certain  period  cease 
to  multiply  and  settle  down  as  a  fine  powder,  leaving  the  fiuid  again  clear. 
Such  precipitated  Baeteria  remun  unchanged  in  the  fluid  for  a  long 
period  (weeks  certiunly,  periiaps  years),  and  can  be  readily  shaken  up  and 
at  once  recognized  by  microscopic  examination ;  they  are,  moreover,  not 
destroyed  by  boiling  .-  hence  it  is  not  possible  to  miss  the  detection  of  a 
development  of  BacUria  in  a  limpid  turnip-infusion,  examined  doily  tix 
three  weeks  or  more  by  the  naked  eye,  and  finally,  after  agitation,  by 
means  of  the  microscope. 

Sebies  a.  It'or.  33rd.  Eatperimenlt  with  }tatf4nfanon.—Aa  infusion 
was  prepared  by  pouring  wat«r  of  about  80°  C.  on  to  chopped  hay.  The 
infusion  was  of  a  dark  sherry-colour ;  reaction  slightly  add.  The  glass 
tubes  used  in  this  and  subsequent  experiments  were  about  Ave  inches  in 
length,  of  half  inch  bore,  rounded  at  one  end  and  drawn  out  to  a 
capillary  orifice  at  the  other.  The  infusion  in  these  and  subsequent  ex- 
periments was  introduced  by  heating  the  tube  and  plunging  its  capillary 
heak  beneath  the  surface  of  the  experimental  liquid  during  the  cooling  of 
the  expanded  lur,  until  the  tube  was  about  one  third  or  half  filled. 
Tubes  1,  2,  3  were  half  filled  with  the  hay-infusion  previously  filtered, 
the  liquid  was  boiled  in  the  tube,  and  the  capillary  beak  fused,  as  nearly  as 
possible,  during  ebullition  *. 

Tubes  4,  5  were  similarly  treated,  with  the  difierence  that  a  small 
quiintity  of  cheese,  in  a  very  fine  state  of  division,  hod  been  added  to  this 
portion  of  the  hay-infusiim  before  its  introduction  into  the  tubes. 

Tubes  6,  7.  Quantity  and  character  of  the  infusion  as  in  1,  2, 3,  but 
the  tubes  sealed  without  previous  ebullition. 

*  The  tub«a  were  eenled  at  th«  moiiMnUif  remoral  from  the  ILime  over  whiob  thoj 
had  been  boiling.  In  ever;  case  >  lubMquent  recurrence  of  ebulIiLion  waa  obMTTcd 
during  (he  cooling  of  the  upper  part  of  Uie  tube.  Dr.  Boberis,  of  Manchester,  has 
■uggest«d  that  the  oecurrenM  oC  Baeteria  in  tubes  thus  aealed  may  bo  explained  bj 
tbeir  in-draugbl,  together  with  a  oertain  amount  of  air,at  the  moment  of  cloture;  but 
the  ciperimenta  of  Satideraon,  recently  confirmed  bj  Cohn,  have  shown  that  oontamiiui- 
lion  of  fluids  \ij  Bacteria  only  takes  place  through  the  mediiua  of  ua^^x^  w^iwsn  <n 
liquids. 
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Tube  8.  Quontitj  and  character  of  the  infusion  as  in  4  and  5,  but  the 
tube  sealed  without  previous  ebullition. 

Tubes  0,  10,  11.  Quantity  and  character  of  the  iufuslou  as  in  1,  2,  3, 
but  rendered  slightly  alkaline  with  KHO.  Sealed  approximately  duriug 
ebullition. 

All  these  tubes  (1  to  11)  were  after  closure  completely  submerged  in 
boiling  water  for  fifteen  minutes,  and  were  then  preserved  in  a  hot^iiir 
bath,  rsryiag  in  temperature  from  30°  C-  to  35°  C. 

Microteii^pie  and  naked-eye  appearances  of  the  Jiaif-iiifiigutn  at  the  time  of 
Iteming  the  tiAea. — The  infusion  in  tubes  1,  2,  3,  6,  7  'n'as  clear  and 
pellucid,  that  in  tubes  4,  5,  8,  9, 10,  11  was  hazy. 

MicTOBCopic  examination  gave  the  result  indicated  above,  as  to  the 
ftppearances  of  freshly  prepared  hay  and  hay-and-cheese  infusion. 

Svhteqvtnt  appearaiteet  of  the  infueion  in  Tubes  I~ll, — The  tubes 
vith  infusion  which  was  pellucid  at  the  first  were  found  to  retain  this 
character  for  several  weeks,  being  presented  in  the  air-bath  and 
examined  from  day  to  day.  The  hosy  infusions  were  opened  after  four 
days,  and  their  contents  found  to  be  unchanged. 

A  portion  of  the  same  hay-and-cheese  infusion,  boiled  and  purposely 
contaminated  by  preservation  in  an  uncleancd  beaker,  was  found  after 
four  days  to  be  teeming  with  Bacleriiim  termo  exhibiting  vital  movements. 
The  pellucid  infusions  were  subsequently  examined  with  the  microscope 
at  different  times  and  found  to  be  unchanged. 

Sebies  B.  Nov.  25th.  Experiments  with  tiiniip-a»d-cheese  infusion. — 
An  infusion  was  made  with  700  grms.  sliced  white  turnip  and  1000  grms. 
water,  to  which  about  1  grm.  finely  minced  new  cheese  was  added,  the  jug 
contuning  tho  mixture  being  maintained  for  four  hours  on  a  sand-bath  at 
a  temperature  of  45°-55°  C. 

The  infusion  was  now  filtered ;  sp.  gr.  of  the  infusion  lOll-l.  Eeac- 
tion  slightly  acid. 

Tubes  12,  13,  14.  Sealed  cold.  Submerged  in  boiling  water  for  thirty 
minutes. 

Tubes  15,  16,  17,  18,  19.  Sealed  approximately  during  ebiillitiou. 
Submerged  in  boning  water  for  thirty  minutes. 

The  tubes  were  presened  in  the  air-bath  as  in  Series  A. 

MierOKOpic  and  naked-eye  appearaiKes  of  the  infusion  at  the  time  of 
tealitif/  the  tttbts. — The  liquid  in  all  the  tubes  was  perfectly  clear  and 
limpid.  A  few  shreds  and  flakes  were  obvious,  which  appeared  to  be 
derived  from  the  filter-paper  and  from  the  shght  precipitation  of  albu- 
minous matter.  The  microscopic  appearances  were  those  above  described 
as  characterizing  such  infusions. 

Subsequent  appearaneet  of  the  infusion. — The  infusion  in  all  the  tubes 
was  found  on  examination  from  day  to  day  to  retain  its  limpidity.  Sub- 
sequent microscopic  examination  of  all  the  tubes  at  various  periods  sub- 
i^veat  to  the  doeure  of  the  tubes  (from  four  days  to  three  weeks) 
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yielded  no  mdication  whatever  of  a  development  of  BaeUna  or  other 
oi^anisms,  nor  of  any  change.  A  portion  of  the  oame  infusion  placed  iu 
an  uncleanaed  beaker  for  comparison  was  milky  and  swarming  with 
Bm^ria  after  three  days. 

Sebies  C.  Nov.  2Sth.  Experimenlt  wUh  turnip-and-ehttte  infunon. — 
The  infusion  similar  in  all  respects  to  that  in  seiies  B,  but  prepared  witlt 
a  somewbat  larger  proportion  of  turnips ;  therefore  of  higher  specific 
gravity,  which  was  not  numericaUy  determined. 

Tubes  20, 21, 22, 23.  Boiled  and  sealed  appronmately  during  ebullition. 
Not  subsequently  submei^ed. 

Tubes  24,  25.  Boiled  and  sealed  approximately  during  ebullition. 
Subsequently  submerged  in  boiling  water  during  thirty  minutes. 

The  tubes  were  preserved  in  the  lur-bath  as  in  Series  A  and  B. 

Series  D.  Nov.  30th. — An  infusion  prepared  as  in  Series  B  and  C,  but 
brought  tp  a  sp.  gr.  1031  by  evaporation  after  filtration. 

Tubes  26,  27,  28,  29.  Sealed  cold.  Subsequently  submerged  in  boiling 
water  for  thirty  minutes. 

Tubes  30,31.  Boiled  and  sealed  approximately  during  ebullition.  Not 
subsequently  immersed. 

Tubes  32,  33.  Boiled  and  sealed  approximately  during  ebullition.  Sub- 
sequently submerged  in  boiling  water  for  thirty  minutes. 

Appearanas  in  Hit  infutioni,  Seria  C  and  D,  at  lA^  Hmt  of  teatitiff  and 
submergiiu).  —  The  appearances  in  the  freshly  prepared  infusion  were 
similar  to  those  described  above  as  characterizing  such  infusions. 

Subsequent  naked-eye  examination  of  the  tubes  did  not  reveal  the 
slightest  change ;  they  remained  limpid.  Specimens  from  each  group 
were  opened  and  examined  with  the  microscope  after  four  days,  and  the 
microscopic  characters  found  to  be  unchanged  :  the  liquid  was  perfectly 
sweet.  The  remaining  tubes  were  examined  at  intervals  before  the  end 
of  December,  being  maintiuned  during  the  whole  time  at  a  temperature 
of  35°  to  40°  C.  in  the  aijvbath;  they  equally  proved  to  have  remained 
unchanged  when  opened  and  examined  with  the  microscope,  and  were 
also  free  from  unpleasant  smell. 

Seeies  R  Nov.  28th. — Six  porcelain  capsules  were  heat«d  to  redness, 
and  nearly  filled  with  the  turnip-infusion  used  in  Series  C.  They  were 
placed  on  the  air-bath  under  a  glass  shade. 

Capsules  1,  2.  The  infusion  was  unboiled. 

Capsule  3.  The  infusion  was  boiled  in  the  capsule. 

Capsule  4.  The  infusion  was  introduced  after  it  had  been  boiled  for  five 
minutes  in  a  superheated  test-tube. 

Capsules  5  and  6.  The  infusion  was  that  used  in  capsule  4,  but  a  drop 
of  distilled  water  was  added  to  each  of  these  two  capsules. 

After  four  days  the  infusion  in  capsules  1,  2,  5,  and  G  was  found  to  be 
teeming  with  Bacterium  termo  and  Bacterian  filaments, 

Capsule  3  was  found  to  be  ciadted,  and  hence  was  discarded  (it 
swarmed  with  Bacteria). 
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Capsule  4  was  perfectly  free  from  organisms,  and  remained  so  during 
a  fortnight,  when  a  fungus-mycelium  made  its  appearance  on  the  surface. 

Series  E.  Dec.  10th. — A  strong  infusion  of  turnip  and  cheese,  pre- 
pared as  in  Series  B  (sp.  gr.  1013),  was  boiled  in  an  eight-ounce  flask  for 
five  minutes.  Three  common  test-tubes  were  superheated  and  placed  in 
a  beaker  to  support  them. 

No.  1.  The  infusion  was  poured  i^,  and  with  it  one  drop  of  distilled 
water. 

No.  2.  The  infusion  was  poured  in  and  thus  left. 

No.  3.  The  infusion  was  poured  in  and  again  boiled  for  two  minutes. 

These  and  the  flask  containing  the  remaining  infusion  were  left  on  a 
shelf  for  one  day;  on  Dec.  11,  there  being  no  cloudiness  in  any  of  the  four, 
they  were  placed  on  the  top  of  the  hot-air  bath.  On  Dec.  13  No.  1  was 
found  to  be  swarming  with  Leptothrix-growths  and  free  Bacterium  iermo. 

No.  2  also  was  cloudy  and  swarmed  with  what  Cohn  calls  th^  rosary- 
chuns.  No.  3  was  absolutely  free  from  all  development  of  life,  and  was 
perfectly  sweet  and  limpid  ;  so  also  was  the  fluid  in  the  original  flask,  a 
large  one  capable  of  holding  eight  ounces.  How  is  the  development  of 
Bacteria  in  No.  2  to  be  explained  ?  The  original  fluid  remains  pure  ;  the 
fluid  in  No.  3,  which  was  rebelled,  remains  so  too ;  the  tube  itself,  No  2, 
had  been  heated  red-hot  and  could  not  be  a  source  of  contamination* 
One's  attention  was  therefore  directed  to  the  conditions  of  the  passage 
of  the  fluid  from  the  flask  into  the  tubes ;  and  here  an  explanation  at 
once  offered  itself.  The  large  flask  had  not  been  superheated ;  its  lip  was 
still  dirty,  laden  with  Bacteria  ready  to  contaminate  fluids  as  they  poured 
from  it ;  hence  the  contamination  of  the  fluid  in  test-tube  No.  2.  The 
validity  of  this  explanation  cannot  be  disputed,  because  it  is  known  that 
such  glass  surfaces,  unless  specially  cleansed,  invariably  contaminate 
infusions  exposed  to  them. 

Sebiks  O.  Feb.  11th. — The  publication  of  Dr.  Burden  Sanderson^s 
letter,  describing  some  experiments  made  by  Dr.  Bastian,  induced  us 
to  make  a  further  series  of  expei*iments  with  important  modifications. 
We  had  expressly  avoided  the  introduction  of  any  thing  like  visible  lumps 
of  solid  cheese  or  turnip  into  our  infusions  during  their  ebullition, 
believing  that  such  lumps  were  a  possible  source  of  the  exclusion  of 
Bacteria  or  their  germs  from  the  killing  influence  of  the  boiling  tempera- 
ture. This  precaution  we  had  supposed  (in  the  absence  of  any  statement 
to  the  opposite  effect)  to  have  been  taken  by  Dr.  Bastian  in  the  experi- 
ments adduced  by  him  in  the  *  Beginnings  of  Life.*  The  presence  of  such 
liunps  was  publicly  suggested  in  discussion  at  the  British-Association 
Meeting  at  Liverpool  as  a  source  of  fallacy,  and  has  been  demonstrated 
to  be  so  by  Dr.  Ferdinand  Cohn  in  experiments  made  with  peas  and 
infusion  of  peas  (*Beitrage  zur  Biologie  der  Pflanzen,-  Breslau,  1872). 
Further,  we  had  limited  the  bidk  of  our  infusions  and  the  size  of  our 
experimental  tubes,  in  view  of  the  obvious  consideration  that  the  larger 
bo  mass  and  area  to  be  guarded  against  coiL\«imm'&.\\Qvv  >\\^  ^^^V^t  iLe 
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chance  of  failure  in  that  respect.  Thirdly,  it  had  not  occurred  to  ua  to 
make  uae  of  reasels  in  these  experimenta  of  ajorm  ao  inconvenient  and 
difficult  to  thoroughly  guard  against  effects  of  "  spluttering,"  .^d  to 
thoroughly  heat  by  boiling,  aa  the  retort.  I4^or  could  we  gueas,  in  the 
absence  of  any  directions  on  that  point  from  Dr.  Baatian,  that  it  was 
desirable  to  exclude  the  rind  of  the  turnip  from  the  preparation  of  the 
infuaion.  The  coirespMidence  in  '  Nature,'  however,  indicated  that 
"  pounded  "  cheese  (necessarily  in  a  condition  of  solid  lumps)  waa  added 
(in  some  cases)  to  hia  txperimentat  vtxteli  after  the  tumip-in/ueion,  and 
was  preaent  during  ebullition.  It  alao  appeared  that  retorts  capable  of 
holding  two  ounces  were  the  veaaels  used ;  whilat,  on  grounda  not  given, 
it  was  considered  advantageous  by  Dr.  Bastion  to  peel  the  tumipa 
before  slicing  them. 

The  following  experiments  were  accordingly  made ; — 

An  infusion  of  turnip  (minus  the  rind)  was  prepared  and  filtered  t 
it  had  sp.  gr.  1012-7.  In  the  experiments  Nos.  34  to  47  two-ounce  retorti 
were  used,  and  the  bulb  half  filled  with  the  experimental  infusion. 

No.  34.  The  infuaion  neutralized  with  EHO.  About  two  gruna  of 
pounded  cheese  in  pellet«  added  to  the  retort. 

Nos.  35,  3G.  Infusion  not  neutralized.  About  two  giaina  of  pounded 
cheese  in  pelleta  added  to  the  retort. 

Noa.  37,  38,  39.  The  aimple  infusion. 

No.  40.  The  simple  infusion,  to  which  were  added  a  few  drops  of  an 
emulsion  of  cheese  prepared  with  some  of  the  tumip-infuaion  and  new 
cheese,  the  emulsion  having  been  filtered. 

No.  41.  The  simple  infuaion. 

Nos.  34  to  40  were  boiled  for  five  minutes ;  they  were  then  preserved  in 
the  air-bath  at  a  temperature  of  35°  C,  and  sealed  approximately  during 
ebullition.  Four  of  them,  including  No.  36,  were  sublected  to  a  further 
boiling  of  fifteen  minutes  in  a  water-bath  after  aealing. 

No.  41  waa  boiled  for  five  minutes  and  placed  on  a  ahelf  with  its 
mouth  open. 

Suhuqitent  appearaacet  in  RelorU  Noi.  34-41. 

On  Feb.  15th  Nos.  34,  35,  37  were  opened  and  found  to  be  perfectly 
su'i'i't  niid  free  from  a  development  of  Bacteria  or  other  oi^udsma. 

No.  41  was  observed  to  be  perfectly  limpid,  and  is  ao  atill  (March  17th). 

On  Feb.  27th  Nos.  36,  38,  39,  and  40  were  opened.  With  the  excep- 
tion of  No.  36,  they  were  perfectly  sweet  and  free  from  organisms. 

No.  36  had  a  slightly  foetid  odour  and  awarmed  with  rather  long 
ISnctrria — that  is,  Baettria  longer  than  the  common  B,  farmo,  which  develop! 
in  infuaions  open  to  atmoapheric  mt,  but  not  quite  of  the  form  of  th« 
Bntilhis  Bubtilit  of  the  butyric  fermentation,  which  is  stated  to  appear  in 
some  infuaiona,  e,  g.  milk,  to  which  the  access  of  atmoapheric  air  Iiaa 
been  entirely  prevented.  It  is  to  be  noticed  that  in  this  aeries  the  uni.^ 
retort  in  which  Ba^eria  made  their  ft^p«Kra:u»  ■«»»  ana  -at  "Osikbr  i:». 
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which  small  lumps  of  cheese  were  present  daring  the  subjection  of  the 
flask  to  the  process  of  ebullition  and  subsequent  immersion  in  boiling 
water. 

This  result  induced  us  to  make  a  further  series  of  differential  experi- 
ments, bearing  upon  the  influence  of  the  state  of  aggregation  of  the 
cheese  introduced  into  the  turnip-infusion. 

Sebizs  H.  March  8th. — A  turnip-infusion  was  prepared  as  in  Series  B  ; 
found  after  filtration  to  have  sp.  gr.  1113-5. 

Tubes  similar  to  those  used  in  Series  A-E,  and  half  filled,  were  used. 

Tubes  42,  43,  44.  The  simple  infusion  was  poured  into  the  tube,  so 
as  to  half  fill  it ;  a  lump  of  cheese  the  size  of  a  pea  was  then  added. 
Sealed  cold. 

Tubes  45,  46,  47.  To  the  turnip-infusion,  before  introduction  into  the 
tubes,  an  emulsion  of  cheese  prepared  with  turnip-infusion  and  strained 
through  a  piece  of  cambric  was  added.  The  tubes  were  then  half  filled 
with  this  mixture  and  sealed  cold. 

Tubes  48,  49,  50.  The  same  as  42,  43,  44,  but  sealed  approximately 
during  ebullition. 

Tubes  51,  52,  53.  The  same  as  45,  40,  47,  but  sealed  approximately 
during  ebuUition. 

All  the  tubes,  42  to  53,  were  completely  submerged  during  five  minutes 
in  boiling  water,  and  subsequently  preserved  in  the  air-bath  at  35°  C. 
temperature. 

On  March  13th  the  contents  of  the  twelve  tubes  were  examined  with 
the  microscope.  No.  45  had  been  broken  in  the  boiling.  The  ^\o 
remaining  tubes  which  had  been  prepared  with  cheese  in  the  finely 
divided  condition  were  found  to  be  entirely  devoid  of  life,  the  infusion 
microscopically  and  otherwise  unchanged.  Of  the  six  tubes  prepared, 
each  with  a  small  lump  of  cheese,  no  organisms  were  detected  in  42  and 
44 ;  but  in  43  and  49  a  few  elongate  Bacteria  were  observed  (in  the 
proportion  of  about  two  to  the  field  of  a  Hartnack's  system  10).  In  48 
and  50  the  fluid  was  swarming  with  elongate  Bacteria  and  true  Bacillus. 
The  lumps  of  cheese  in  those  tubes  in  which  life  appeared  had  softened 
and  spread  out  to  a  certain  extent  on  the  side  of  the  tube.  The  cheese- 
lumps  in  Nos.  42  and  44  retained  their  original  form. 


From  the  result  of  these  later  experiments,  made  in  consequence  of 
the  fuller  information  given  by  Dr.  Sanderson  as  to  Dr.  Bastian*s  mode 
of  treating  turnip  and  cheese  so  as  to  obtain  phenomena  supposed  to  be 
in  favour  of  the  doctrine  of  Archebiosis,  we  consider  that  the  importance 
of  excluding  visible  lumps  from  the  experimental  infusions  is  clearly 
indicated,  as  also  is  the  comparatively  greater  trustworthiness  of  the  small 
tube  as  opposed  to  the  larger  retort  for  use  as  an  experimental  vessel. 
We  moreover  consider  that  we,  in  our  earlier  experiments  (Xovember 
and  December),  carefully  following  Dr.  Bastian's  directions,  as  far  as  he 
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had  given  Buy  in  the  '  Bjginiiinga  oE  Life,'  but  using  at  the  same  time 
proper  care  as  to  cleauliaoss  and  due  boQing,  obtuned  a  series  of  results 
contradicting  Dr.  Bastlau's  abatements  as  to  the  Bpontaneous  generation  of 
Bacteria  ia  infuaiou  of  turnip  to  which  a  Iragmeat  ot  cheese  had  been 
added. 

Further,  certun  of  the  experiments  above  recorded,  and  others  made 
at  the  same  times  with  open  vessels  and  simple  tumip-iufusion,  compel 
us  to  dissent  emphatically  from  the  conclusion  of  the  following  statement 
contained  in  a  recent  paper  by  Dr.  BastisnC  Nature,'  Feb.  6th,  p.  275): — 
"  Taking  such  a  fluid,  therefore,  in  the  form  of  a  strong  filtered  infusion 
of  turnip,  we  may  place  it  after  ebullition  in  a  superheated  flask,  with 
the  assurance  that  it  contains  no  living  organisms.  Having  ascertiuned 
also,  by  our  previous  experiments  with  the  boiled  saline  fluids,  that  there 
is  no  danger  of  infection  by  Bacteria  from  the  atmosphere,  we  may  leave 
the  rather  narrow  month  of  the  flask  open,  as  we  did  in  these  experi- 
meuts.  But  when  this  is  done,  the  previously  clear  turnip-infusion 
iiivarieibly  becomes  turbid  in  one  or  two  days  (the  temperature  being 
about  70°  F.),  owing  to  the  presence  of  myriads  of  Bacteria."  The  italics 
are  our  own. 

We  find  not  only  that  such  an  infusion  remiuns  free  from  BaeUria 
when  thus  treated  (subject,  of  course,  to  certain  faUures  in  the  precautions 
taken)  for  "  one  or  two  days,"  but  if  contamination  by  the  admission  of 
coarse  atmospheric  particles  capable  of  carrying  Bacteria  be  guarded 
against,  it  will  remain  so  for  weeks  and  probably  so  for  years.  In  con- 
sequence of  this  absence  of  development  of  Bacteria  we  have  cultivated 
Torulce  in  such  a  turnip-infusion,  so  as  to  obtain  them  entirely  free  from 
the  former  organisms*. 

In  conclusion,  we  would  point  out  that  faOure  in  manipulation,  con- 
tamination in  unsuspected  ways,  such  as  that  due  to  the  preservative 
influence  of  lumps,  and,  agun,  the  mistaking  o£  particles  in  an  infusion 
which  have  been  there  from  the  first  for  organisms  originated  de  novo, 
do  not  exhaust  the  list  of  conceivable  explanations  of  phenomena  which 
haie  been  attributed  to  spontaneous  generation.  When  the  knowledge 
of  the  natural  history  of  Bacteria  has  advanced  somewhat  further,  there 
will  be  n  possibility  of  such  explanations  presenting  themselves  in  ways 
at  this  moment  unsuspected. 

Whilst  awaiting  Professor  Huizinga's  fuller  account  of  his  experi- 
ments, we  may  point  out  that  the  hypothesis  of  an  inhibitory  influence  of 
iucreosed  density  should  be  supported  by  experimental  evidence,  and  that 
it  cannot  apply  to  tubes  closed  before  boiling.  The  neck  of  the  flask 
closed  with  asphalt  may  (so  far  as  conditions  are  stated  by  him  at 
present)  harbour  Bacteria,  as  in  our  Series  F.  But  especially  we  would 
urge  upon  him  and  others  that  it  is  undesirable,  as  yet,  to  introduce  into 
'  At  ^aa  momoiit,  Haj  20th,  the  turnip-iiifiuioii  in  the  Open  retort  (No.  41)  U  fcM 
from  all  orgaaiimi,  and  i«  perfectly  luupid  tud  (weet, 
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the  discussion  other  organic  mixtures.  Turnips  and  cheese  may  be  very 
bad  material  for  experiment ;  but  it  would  be  well,  as  far  as  possible,  to 
settle  the  matter,  or  the  way  in  which  the  matter  is  to  be  viewed  with 
regard  to  them,  before  going  off  to  other  particular  cases. 

It  would  be  a  very  excellent  thing  if  all  further  reference  to  this 
subject  could  be  postponed  for  a  year  or  two — ^that  is,  until  fiu-ther  study 
of  Baeteriay  such  as  that  inaugurated  by  Sanderson  and  Cohn,  has  given 
us  surer  ground  to  tread  upon. 

II.  ''  On  the  Nature  and  Physiological  Action  of  the  Poison  of 
Naja  tripvdians  and  other  Indian  Venomous  Snakes.^^ — Part  I, 
By  T.  Lauder  Brunton,  M.D.,  Sc.D.,  M.E.C.P.,  and  J. 
Fayrer,  C.S.I.,  M.D.,  F.E.C.P.  Lond.,  F.E.S.E.,  Surgeon- 
Major  Bengal  Army.  Communicated  by  Prof.  Huxley,  Sec. 
R.S.    Received  April  22,  1873. 

On  tJie  Poison  of  Naja  tripudians. 

The  destruction  of  life  in  India  by  snake-bites  is  so  great,  that,  with 
the  hope  of  preventing  or  diminishing  the  mortality,  in  18G7  Dr.  Fayrer 
began,  and  has  recently  completed,  a  protracted  and  systematic  series 
of  investigations  on  the  subject  in  all  its  aspects ;  and,  in  a  work  entitled 
the  *  Thanatophidia  of  India/  has  published  a  description  of  the 
venomous  snakes  found  in  British  India,  with  an  account  of  a  series  of 
experiments  on  the  lower  animals,  conducted  for  the  purpose  of  studying 
the  nature  of  the  poison,  its  modus  operandi,  and  the  value  of  the 
numerous  remedies  that  have  been  from  time  to  time  reputed  as  anti* 
dotes — ^that  is,  as  haAdng  the  power  of  neutralizing  the  lethal  effects  of 
the  virus,  and  of  saving  life. 

His  object  in  carrying  out  these  investigations  has  been : — 
1st.  To  ascertain  the  nature  and  relative  effects  of  the  bite  of  the 
different  forms  of  Indian  venomous  snakes,  and  the   conditions  and 
degrees  of  intensity  under  which   the  activity  of  the  virus   is   most 
marked. 

2nd.  The  physiological  action  of  the  ^drus,  and  its  mode  of  causing 
death. 

3rd.  The  ^'alue  of  remedies,  and  the  extent  to  which  we  may,  by  pre- 
ventive or  therapeutic  measures,  hope  to  save  life. 

4th.  To  ascertain  and  make  known  the  actual  state  of  our  information 
in  connexion  with  these  three  points  of  inquiry,  and  to  substitute  scien- 
tific and  rational  knowledge  for  vague,  empirical,  and  dangerous  theories. 

He  has  had  the  honour  of  submitting  a  copy  of  this  work  to  the  Eoyal 
Society ;  and  it  is  therefore  unnecessary  to  occupy  its  time  by  repeating 
much  of  what  is  therein  related  on  the  1st,  the  3rd,  and  part  of  the  4th 
heads. 
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But  on  that  which  is  inTolved  in  the  2Qd,  and  partly  in  the  4th,  much 
is  still  required  to  be  done ;  and  therefore  on  the  question  of  the  nature 
and  phyaiological  action  of  the  virua  on  life,  and  the  application  of  that 
knowledge  in  the  treatment  of  those  poisoned,  the  following  inrestigations 
have  been  made. 

That  the  subject  is  one  of  interest  in  a  purely  scientific  as  well  as 
sanitary  point  of  view  we  believe  will  be  admitted ;  for  it  is  aa  important  to 
humanity  as  to  science  that  the  nature  and  properties  of  a  poison  which, 
in  India  alone,  probably  deatroys  OTor  20,000  human  beings  annually 
should  be  determined. 

We  are  aware  that  these  figures  may  excite  astonishment  and  even  mis- 
trust ;  but  the  sources  from  which  the  information  is  derived  place  it,  wo 
think,  beyond  a  doubt,  being  derived  from  official  returns  for  the  year 
1809,  supplied  to  Dr.  Fayrer  by  the  Government  of  India. 

He  has  received  reports  from  Bengal,  the  North-west  Proi-inces,  Pun- 
jaub,  Oude,  Central  Provincea,  Central  India,  Bajpootana,  British  Bur- 
mah,  showing  the  lose  of  life  from  snake-poisoning  in  those  provinces  in 
the  year  1869. 

These  records  represent,  it  is  true,  only  a  portion  of  India,  as  the 
Madras  and  Bombay  Fresidendes,  aa  well  as  other  parts  of  India,  are  not 
included.  Had  similar  information  been  obt^ned  from  these  provinces, 
the  list  of  mortality  would  doubtless  hare  been  much  larger;  as  it  is,  the 
number  of  deaths  is  perfectly  appalling,  and  the  subject  merits  considera- 
tion, with  the  view  of  providing,  if  possible,  some  remedy. 

He  has  roughly  classified  the  deaths  nnder  the  headings  of  the  snakes 
that  inflicted  the  fatal  wound ;  but  the  records  are  rather  vague  on  this 
point,  and  the  information  not  perhaps  always  very  reliable.  Still  they 
aro  sufficiently  explicit  to  make  it  clear  that,  in  order  of  destructiveness, 
the  cobra  {Naja  tripudiaiu)  occupies  the  first  place  on  the  list ;  the  krait 
(Bunffanu  eartiltiu)  the  second  place ;  whilst  under  the  headings  of 
"  other  snakes  "  and  "  unknown  "  must  be  included  many  deaths  due  to 
cobra,  Bvn^arut  cantUui,  Ophit^hagm,  Daboia,  Echia  eannata,  Bungarus 
ftueiatia,  Ht/draphidai,  and  some  perhaps  to  the  TrimerttKri,  though,  as 
to  the  last,  there  ia  reason  to  believe  that  deaths  from  their  bites  are 
comparatively  very  rare. 

The  total  number  of  deaths  recorded  therefore  stands  thus : — 

Bengal,  including  Assam  and  Orissa    6,646 

Korth-west  Provinces    1,995 

Punjaub 755 

Oude   1,205 

Central  Provinces  ■  ■        606 

Central  India 80 

British  Burmah 120 

Total \\,4\& 
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of  a  population  (according  to  Dr.  Hunter)  of  120,972,263,  or,  in  round 
numbers,  about  one  person  in  every  10,000. 

This  total,  large  as  it  is,  we  fear  cannot  be  regarded  as  the  real  mortality 
in  these  provinces,  nor  may  the  numbers  be  accepted  as  an  absolutely 
true  indication  of  the  relative  frequency  of  deaths  in  each. 

The  information  from  which  these  records  were  framed  was,  though 
official,  probably  only  partial  and  imperfect.  Dr.  Fayrer  believes  that  if 
systematic  returns  could  be  kept,  as  he  has  suggested  that  they  should  be, 
by  the  police  in  every  district,  subdivision,  and  municipality,  the  number  of 
deaths  would  be,  excluding  all  doubtful  cases,  much  larger.  He  believes 
also  that  were  such  information  collected  throughout  the  whole  of  Hin- 
doostan,  it  would  be  found  that  more  than  20,000  persons  die  annually 
from  snake-bite. 

.  The  result  of  his  investigations  in  India  has  been,  we  think,  to  show 
that,  so  far,  no  agent  or  antidote,  as  that  term  is  commonly  understood, 
has  been  found  effective  in  neutralizing  the  action  of  snake-poison.  We 
think  it  is  also  pretty  clearly  demonstrated  that  death  is  caused  in  most 
cases,  at  all  events  where  a  full  quantity  of  the  virus  has  been  injected, 
by  its  action  on  the  nerve-centres,  though  whether  on  them  alone,  or  also 
on  the  peripheral  distribution  of  the  nerves,  or  on  the  muscles  them- 
selves, or  the  exact  extent  to  which  each  is  affected,  there  may  be  some 
difficulty  in  determining.  The  futility  of  all  the  methods  of  treatment 
hitherto  had  recourse  to  is  probably  explained  by  the  mode  of  death : 
their  inutility  had  long  since  been  demonstrated  by  Fontana,  who, 
ninety  years  ago,  among  other  things,  showed  that  the  outward  and 
inward  use  of  ammonia,  as  well  as  its  injection  into  the  veins,  was  as 
powerless  for  good  as  were  all  other  remedies. 

There  is  apparently  some  analogy  between  the  nature  of  the  action  of 
the  cobra-virus  and  that  of  curara,  death  in.  both  cases  being  brought 
about  by  arrest  of  respiration  through  paralysis  of  the  respiratory 
apparatus. 

In  the  case  of  the  curara  it  has  been  demonstrated  by  experiment  that 
this  is  due  to  paralysis  of  the  peripheral  distribution  of  the  motor  nerves ; 
and  it  has  been  further  shown  that  if  respiration  be  continued  artificially  for 
a  sufficient  length  of  time,  perfect  recovery  may  take  place,  as  we  have  our- 
selves observed,  the  poison  being  eliminated  from  the  system,  and  not 
having,  during  its  presence,  so  far  compromised  the  integrity  of  the  parts  of 
the  nervous  system  where  it  took  effect  as  to  interfere  with  a  resumption 
of  their  functions  after  its  removal.  Now  it  is  evident  that  artificial  respi- 
ration and  the  use  of  any  remedies  that  may  expedite  elimination,  with 
the  application  of  artificial  warmth  to  sustain  temperature  up  to  the 
normal  standard,  are  the  measures  which  may  be  regarded  as  antidotal 
in  a  rational  sense  to  this  form  of  poisoning ;  and  such  they  have  proved 
themselves  to  be  ;  for  if  an  animal  apparently  dead  from  curara-poisoning 
be  kept  warm  and  artificial  respiration  be  kept  up  for  some  hours,  it  will 
perfectly  recover. 
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It  is  in  the  applic&tion  of  similar  pnsciplea  that  ve  may  hope  to 
realize  a  similar  result  in  cases  of  snake-poisoning ;  and  it  is  vith  this 
objRct  that  the  investigations  by  Dr.  Lauder  Bnmton  and  Dr.  Fayrer,  unce 
his  return  to  England,  of  which  the  present  paper  is  an  instalment,  h»Te 
been  pursued. 

Our  investigations  so  far  conflnn  the  opinion  by  Dr.  Fayrer  already  re- 
corded, that  death  is  due  to  the  action  of  the  poison  on  the  nerve-centrea, 
to  which  it  is  conveyed  by  the  blood  with  terrible  rapidity  when  the  injec- 
tion of  the  poison  takes  place  into  a  large  vein  like  the  crural  or  jugular. 
But  we  have  not  yet  arrived  at  absolute  conclusions  as  to  the  extent  to 
which  this  neurotic  action  is  carried,  whether  it  be  localized  in  the  nerve- 
centres  only,  or  whether  there  be,  and  to  what  extent,  any  action  on 
other  portions  of  the  nerve-apparatus. 

Our  experiments  so  far,  though  pointing  distinctly  to  the  centres  ns  the 
seat  of  its  action,  in  some  cases  seem  to  imply  that  the  nerve-periphery 
and  perhaps  even  the  muscles  themselves  are  involved ;  but  on  this  head, 
for  the  present,  we  reserve  the  expression  of  a  positive  opinion. 

With  reference  to  remedial  measures  in  cobra-poisoning,  we  would 
remark  that,  so  far  as  our  experiments  have  as  yet  gone,  artificial  respira- 
tion has  certainly  had  the  effect  of  prolonging  life;  and  without  com- 
mitting ourselves  to  any  opinion,  we  would  say  that  wo  would  not  yet 
abandon  hope  that  it  may,  as  in  the  case  of  the  curara,  even  save  it  alto- 
gether. This  must  of  course  depend  on,  first,  the  nature  of  the  action  of 
the  poison  on  the  nerve-apparatus — that  is,  whether  it  be  of  a  transient 
or  permanent  character.  Is  it,  for  example,  like  curara,  which  though  it 
destroys  the  power  of  the  peripheral  extremity  of  the  motor  nerves 
during  its  presence,  yet  leaves  them  uninjured  and  capable  of  resuming 
their  functions  after  the  poison  is  removed  (as  it  may  be)  by  elimination, 
life  being  supported  by  artificial  respiration  during  that  process. 

If  so,  and  the  cobra-poison,  even  though  antagonistic  and  annihilative 
of  the  action  of  the  nerve-centres  and  peripheral  distribution,  or  of  the 
muscular  irritability  itself,  be  only  bo  whilst  it  is  present,  and  would,  if 
removed  uithin  reasonable  time,  leave  the  nervous  apparatus  or  muscles 
in  a  condition  to  resume  their  operations,  then,  if  elimination  could  be 
carried  on  whilst  respiration  is  artificially  sustained,  we  might  hope  to 
succeed  eventually  io  cobra  as  in  curara  poisoning. 

Or  could  wc,  indeed,  conceive  of  and  find  any  agent  so  subtle  u  to 
overtake  and  neutralize  the  virus  whilst  it  is  in  the  system,  and  before  it 
should  have  compromised  the  nerve-centres  or  other  parts,  then  we  should 
have  the  antidote  which  has  been  bo  long  sought  for,  but  yet,  we  fear,  not 
found*.  We  do  not  now  wish  to  speak  of  the  action  of  the  cobra-virus  as  it 

•  Fontana  thought  be  bad  discOTered  such  an  agent  in  tlie  "pierToAc«utiw"(»nBtio 
potaah).  Hs  su^ra  of  it : — "  Uaia  an  peut  point  donter  cqpendant  do  Tefficsoitj  de  cs 
remede,  et  on  peut  affirmer  que  la  pierre  i  cautire  at  le  vrai  (pedflqne  de  ce  tenriJA 
veoin."— &»■  la  ftwona,  p.  324  (Florence,  1781). 

Tbia  agent  ha*  been  tried  in  India,  but  hu  not  ptovri,  ol  wi^  werritsi  "i^  ««S«»" 
poisimlng. 
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operates  Becond&rily  on  the  blood,  either  in  those  cases  where  great  vigour 
of  the  animal  or  smaUnesB  of  the  dose  have  enabled  the  creature  to  resist 
tiie  immediate  and  deadly  neurotic  effects  of  the  poison.  Such  cases  are  to 
be  classed  among  other  septiciemin,  and  are  apart  from  that  we  are  now 
discussing. 

The  question  resolves  itself  into  three  points  of  inquiry : — 

Ist.  Ib  the  nature  of  the  virus  such  that  we  may  hope  to  find  any 
agent  that  may  overtake,  neutralise,  and  bo  render  it  (the  virus)  hannlesa 
or  inert? 

2nd.  Does  the  virus  exert  only  a  temporarily  pernicious  action  on  the 
ultimate  structure  of  the  nerve-centres  or  other  parts  of  the  nerve-appa- 
ratus ?  I,  e.  is  it  only  inhibitory  or  hurtful  during  its  presence  in  the  blood, 
but  if  removed  would  leave  the  nerve-apparatus  in  a  condition  to  resume 
itB  functions  (such  is  curant),  ordoes  it  enter  into  some  permanent  compo- 
eition  or  union  with  the  nerve-elements  ?  or,  3rd,  does  it  so  modify  their 
arrangements  aa  to  render  them  permanently  incapable  of  resuming  their 
functions,  even  after  the  poison  has  been  eliminated,  if  it  may  be  so 
removed,  as  we  know  other  poisons  may  ?  Such,  we  fear,  may  be  Bnak&- 
poisonl 

If  the  first  proposition  be  correct,  then  in  some  subtle  chemical  agent, 
or,  if  the  second,  in  artificial  respiration  and  eliminant  action  we  may  have 
hope  of  success. 

If  the  third,  what  chance  have  we  beyond  that  of  suBtaining  life  as 
long  as  artificial  respiration  be  maintained  ?  for  if  the  nerve-apparatua 
be  permanently  injured,  no  resumption  of  its  functions  can  take  place. 
Whichever  of  these  propositionB  be  nearest  the  truth,  there  must  still  be 
a  condition  in  which,  from  the  amallness  of  the  quantity  of  virus  in- 
oculated, recovery  is  possible — one  in  which  the  full  lethal  effect  of  the 
virus  is  not  produced.  In  such  cases,  no  doubt,  remedial  measures  may 
be  of  avaU. 

The  results  of  investigations  in  India  have  led  to  the  conclusion,  then, 
that  death  is  brought  about  by  the  action  of  the  poison  on  the  cerebro-spinal 
nerveK^utres,  paralyzing  them,  and  in  some  cases,  where  the  quantity  of 
virus  was  lat^  and  introduced  into  the  circulation  through  the  medium 
of  a  large  vein,  acting  directly  on  the  ganglia  of  the  heart,  causing  arrest 
of  its  action.  In  those  cases  where  the  quantity  of  virus  inoculated  is 
smaller  and  of  leas  intensity,  according  to  the  condition  of  the  snake  or 
its  species  (the  poison  of  some  genera  being  less  active  than  that  of 
others),  secondary  changes,  though  of  what  precise  kind  we  are  not 
yet  prepared  to  say,  occur  in  the  blood  itself,  but  allied  in  character  to 
that  of  other  blood-poisons  and  probably  of  a  zvmotic  nature.  We 
would  merely  for  the  present  remark  that,  in  the  first  class  of  cases,  we 
believe  that  remedies  or  means  of  treatment  other  than  those  which 
may  be  of  a  preventive  character  are  as  yet  of  no  avail,  whilst  in  the 
second  it  is  probable  that  they  may  be  of  some  efficacy.  So  far  we 
believe  Utth  more  has  been  done  than  to  go  over  ground  that  has 
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already  been  traversed  by  previous  obeerrers,  who  have  come  to  siinilar  ecu- 
elusions  that  most  ol  ti»  reputed  anddotes  have  been  powerless,  and  that 
where  there  has  been  an  appearance  of  succeee,  it  has  depended  not  on 
any  antidotal  or  antagonistic  action  of  the  remedy  so  much  as  on  the 
fact  that  the  quantity  or  quality  of  the  poison  was  defective ;  and  how 
this  may  be  explained,  Dr.  Jayrer  has  endeavoured  to  prove  by  showing 
that  the  snake  may  have  beeu  exhausted)  that  its  poison  may  be  deficient 
iu  quantity  or  in  quohty,  or  that  it  may  have  wounded  without  inoculating 
sufficient  of  the  poison  to  cause  death,  or  mare  than  to  cause  slight  poison- 
ing, and  probably  that,  by  a  sphincteral  arrangement  of  fibres,  as  pointed 
out  by  Dr.  Weir  Mitchell  to  exist  in  the  rattlesnake,  the  snake  may  have 
the  power  of  imbedding  its  fangs  without  shedding  its  poison  at  all. 

Much  virtue  has  been  recently  attributed  to  one  of  the  oldest  and 
most  trusted  of  all  antidotes — ammonia ;  but  it  was  long  ago  shown 
by  Pontana  by  repeated  experiments  that  the  injection  of  thi^  agent 
into  the  veins,  as  well  as  its  intomal  administration  and  external  ap- 
pUcstion,  were  powerless  (as  may  be  seen  by  reference  to  the  following* 
pages  of  his  works),  so  it  has  proved  in  all  the  experiments  made  with  it 
in  India.  Any  completo  and  satisfactory  means  of  resisting,  antagonising, 
or  eliminating  the  poison  and  of  saving  life  are,  we  fear,  still  nnknown ; 
and  it  is  in  the  hope  that  by  determining  the  physiological  action  of  the 
])oison  we  may  make  some  advance  in  our  knowledge  of  this  important 
subject,  that  the  following  investigationB  have  been  undertaken  with  cobra- 
virus  sent  to  us  from  Bengal,  and  of  which  we  hope  to  receive  continued 
supplies  from  Mr.  Vincent  Bichards,  of  Balasore,  who,  at  our  request,  is 
also  carrying  on  a  series  of  experiments  on  the  subject. 

Appeararux  and  Chemical  Characttn  of  Cobra~poUon, 
The  poison  when  fresh  is  a  transparent,  almost  colourless  fluid,  of  a 
somewhat  sirupy  consistence,  and  not  unlike  glycerine  in  its  appearance. 
When  quickly  dried  it  forms  a  transparent  mass  of  a  yellowish-brown 
colour,  and  resembling  some  kinds  of  gum-arabic.  The  poison  may  be 
kept  in  a  fluid  state  for  some  months  without  undei^going  any  change, 
but  aEt«r  a  certain  time  it  decomposes. 

During  decomposition  it  gives  oS  a  quantity  of  gas,  which  has  been 
ascertained  by  Dr.  Armstrong  to  be  carbonic  anhydride,  and  at  the  same 
time  acquires  a  dark  brown  colour  and  a  disagreeable  odour.  The  dried 
poison  may  be  kept  for  a  much  longer  time  without  undergoing  any 
apparent  change. 

The  chemical  constitution  of  the  poison  has  been  examined  by  Dr. 
Armstrong.  He  has  not  been  able  to  separate  from  it  any  crystalline 
principle.     It  is  partially  coagulated  by  heat ;  mineral  acids  produce  in  it 

■  'TraiUiurlevemadels  Vipjre,' vol.i.  pp.  lOe,  109,118,  120,  124,  129;  ToLii 
pp.  b,  6, 7  (FlomuM,  1781).  '  OpuMuli  Scienti&a,'  LeU«t  iv.  pp.  12b  «;«?. 
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a  gelatinous  precipitate ;  absolute  alcohol  throws  down  a  white  gelatinoiui 
precipitate;  a  drop  of  it  evaporated  with  a  little  sulphate  of  copper 
solution  and  then  treated  with  caustic  potash  gives  a  violent  coloratioD. 
These  reactions  show  that  the  chief  constituent  of  the  poison  is  an 
albuminoid  body.  On  an  ultimate  analysis  being  made,  very  little 
difference  was  found  to  exist  between  the  fresh  poison,  the  alcoholic 
precipitate,  and  the  alcoholic  extract.  This  is  the  only  ultimate  analysis 
of  the  poison  of  any  snake  which  has  yet  been  made,  so  far  as  we  know. 
We  quote  the  results  of  it,  and  give  the  composition  of  albumen  for  com- 
parison*. 


Crude  poison. 

Alcoholic  precipitate. 

Alcoholic  extract. 

Albumen. 

Carbon,  43-55. . 
Nitrogen,  43-30 
Hydrogen  .... 
Sidphur      .... 
Ash  ; 

45-76 
14-30 

6-60 

2-5 

traces. 

43-04 
12-45 
7- 

53-5 

15-7 

7-1 

We  have  recently  received  from  Bengal  some  cobra-poison  dried  and 
in  appearance  resembling  dried  gum.  On  this  we  hope  to  report  on  a 
future  occasion. 

Although  there  is  little  difference  between  the  composition  of  the 
alcoholic  precipitate  and  extract,  there  is  an  immense  difference  between 
their  physiological  actions,  the  extract  being  a  virulent  poison  and  the 
precipitate  almost  inert.  It  is  to  be  obsen^ed  that  the  poison  examined 
by  Dr.  Armstrong  had  already  begun  to  undergo  decomposition ;  but  if  it 
should  be  found  by  further  experiments  that  the  properties  of  the 
extract  and  precipitate  from  perfectly  fresh  cobra-poison  are  the  same  as 
those  of  the  poison  he  used,  it  will  form  a  notable  distinction  between 
the  poison  of  the  cobra  and  that  of  the  rattlesnake.  The  precipitate 
thrown  down  by  alcohol  from  the  poison  of  the  rattlesnake  has  been 
ascertained  to  be  active,  while  the  alcoholic  extract  is  inert  (vide  Weir 
Mit<;hell,  "  Physiology  and  Toxicology  of  the  Venom  of  the  Eattlesnake,'^ 
Smithsonian  Contributions,  1860,  p.  36). 

We  have  experimented  on  four  different  samples  of  poison  sent  from 
Bengal.  The  first  was  originally  a  clear  transparent  fluid;  but  after 
keeping  it  decomposed  and  became  almost  black,  as  already  described. 

*  Dr.  Armstrong  in  his  analysis  does  not  appear  to  hare  arriyed  at  the  same  conclusions 
as  the  Prince  of  Canino  (L.  Buonaparte),  who  detected  the  presence  of  a  peculiar  principle 
perhaps  allied  toptyalino,  to  which  he  gave  the  name  Echidninc  or  Vipcrine,  in  addition 
to  fatty  matter,  salts,  albuminous  and  mucous  substance.  It  has  been  suggested  by 
Prof.  Busk  {vide  Holmes's  '  System  of  Surgery/  toI.  t.  p.  941)  that  the  venom  may 
reside  in  a  principle  analogous  to,  though  differing  from,  ptyaline.  We  would  not,  liow- 
evcr,  regard  Dr.  Armstrong's  analysis  as  conclusiye,-  but  hope  to  haye  the  result  of  further 
examination  of  larger  quantities  of  the  Tirus. 
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It  retained  ita  fluidity  and  actintj'  to  tbe  last.  The  third  sample  was  of 
a  light-brown  colour,  quite  solid,  and  resembling  diy  hard  cheese  in  its 
consisteacf.  The  second  and  fourth  consisted  of  a  clear,  thin,  transparent 
fluid  and  a  n'hito  curdy  precipitate.  Xone  of  tliese  spedmens  had  the 
Rame  activity  an  the  first ;  they  produced  similar  symptoms,  but  much 
Icaa  marked. 

Effeelt  of  ihe  poiwn. — The  local  effects  of  the  piuson  are  partial 
paralysis  of  the  bitt«n  part,  occasionally  pain  in  it,  ecchymosis  around 
the  spot  where  the  poison  has  been  introduced,  and  sometinieB  in  other 
anil  distant  parts,  and,  if  the  animal  survires  for  some  hours,  infiltration 
and  perhaps  incipient  decomposition  of  the  tissues  and  htemorrhagio 
discharge. 

The  general  symptoms  are  depression,  faintness,  hurried  respiration 
and  exhaustion,  lethargy,  nausea,  and  vomiting.  In  guineapigs  and  rabbits 
peculiar  tnitching  movements  occur,  which  seem  to  represent  vomiting  in 
them,  and  occasionally,  in  fact,  guineapigs  do  vomit.  Dogs  vomit,  are 
salivated,  and  present  an  appearance  aa  if  the  hair  had  all  been  rubbed 
the  wTong  way,  "staring,"  As  the  poisoning  proceeds  paralysis  appears, 
sometimes  affecting  the  hind  legs  first  and  seeming  to  creep  up  the  body, 
and  sometimes  affecting  the  whole  animftl  nearly  at  the  same  time. 
There  is  loss  of  coordinating  power  of  the  muscles  of  locomotion. 

lliemorrhage,  relaxation  of  the  sphincters,  and  involuntary  evacuations, 
not  unfrequently  of  a  sanguineous  or  muco-sanguineous  character,  oft«a 
precede  death,  and  it  is  generally  accompanied  by  convulsions. 

In  fonls  the  appearance  is  one  of  extreme  drowsiness ;  the  head  falls 
for»-ard«,  rests  on  the  beak,  and  gradually  the  bird,  no  longer  able  to 
support  itself,  rolls  over  on  its  side.  There  are  frequent  startings,  aa  if  of 
sudden  awaking  from  the  drowsy  state*. 

The  effects  of  the  poison  upon  dogs,  guineapigs,  and  rabbita  ar« 
illustrated  by  the  follon-ing  experiments. 

The  poison  which  was  first  sent  home  and  still  remained  perfectly 
liquid,  but  had  become  of  a  dark  brown,  almost  black  colour,  and  some- 
what inspissated,  was  used. 

£^perimtnt  I. 

1.30.  Three  drops  of  this,  diluted  with  wat«r,  were  injected  into  the 
flank  of  a  small  dog.  Immediately  after  the  injection  the  corresponding 
leg  ^vas  dra\^-n  up,  partially  paralyzed. 

1.32.  He  walks  less  steadily.     Tail  rigidly  held  out. 

1.35.  Is  restless  and  whining.  Walks  about  and  then  sits  down 
again.    "Walks  unsteadDy. 

*  In  caul  where  the  quontit;  of  poiion  iigected  is  large,  tnd  it  ia  at  the  same  timo 
TSTj  ictive,  the  bitten  ininul  unnll  and  irrak,  or  if  inoculation  has  taken  place  into  a 
large  vein,  diath  ia  almoat  tudden,  as  if  it  wen  from  eboiik.  In«adiDU«»'A<neu4^*n 
ganglia  an  also  probably  paral/udi  at  aQerentalhetMulwdAKiA^  t«awa^»>M«6~ 
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1.45.  There  are  dbtinct  muficular  twitches  in  the  shoulder.  General 
tremor. 

1.47.  There  are  twitching  movements  of  the  back. 

2.8.  Has  been  standing  perfectly  still.  Is  now  pawing  and  licking  his 
lips.     Vomits. 

2.10.  Vomits  again,  but  licks  up  part  of  what  he  had  ejected. 

2.22.  Has  been  continually  vomiting.  The  ejection  consisted  at  first 
of  food,  afterwards  of  tenacious  mucus.  He  now  lies  down  apparently 
exhausted.  He  is  still  trying  to  vomit,  but  can  bring  nothing  up.  He 
tries  to  rise,  but  cannot.     Convulsive  struggles  occur. 

2.25.  Breathing  has  ceased,  but  the  cornea  is  still  sensitive.  Convul- 
sive attempts  to  vomit. 

2.27.  Cornea  insensible.    Heart  is  still  beating  strongly.    Death  soon 

followed. 

Exj^^eriment  II. 

A  young  rabbit,  weighing  900  grammes,  was  used.  An  incision  had 
been  previously  made  through  the  skin  of  the  neck  and  the  wound  again 
sown  up,  but  the  animal  was  otherwise  uninjured.  Two  drops  of  cobra- 
poison,  weighing  12  centigrammes,  were  diluted  with  1  cubic  centimetre 
of  water. 

At  4.6  the  diluted  poison  was  ejected  under  the  skin  of  the  left  hip. 

4.7.  Washed  out  the  watch-glass  in  which  the  poison  had  been  placed 
with  water,  and  injected  it  under  the  skin  of  the  back.  The  animal  sat 
quiet  after  the  injection,  occasionally  licking  its  fore  paws. 

8'  30".  Eespiration  seems  hurried.  The  rabbit  occasionally  makes  a 
jerking  motion  with  its  hind  feet. 

10'.  Has  been  restless,  running  about,  occasionally  licking  its  fore  feet. 

13' 30".  Still  very  restless,  and  when  held  makes  convulsive  efEorts  to 
get  oway.     Ears  are  much  congested. 

17'.  The  animal  is  now  quiet.     Its  ears  are  no  longer  congested. 

About  20'.  Quiet,  with  occasional  starts.  Disinclined  to  move,  but 
can  walk  quite  well. 

25'.  Movements  seem  difficult,  and  hind  legs  seem  weak  when  it  tries 
to  walk. 

26'.  Paralysis  of  hind  feet  is  increasing. 

26'  15".  The  rabbit  lays  its  head  down  on  the  table. 

28'.  When  laid  on  its  side  it  merely  makes  a  few  slight  movements 
with  its  fore  paws  and  then  lies  still.  The  eyes  remain  in  a  half-closed 
condition,  and  have  done  so  for  some  time.  When  the  cornea  is  touched 
the  head  gives  a  jerk,  but  the  eyelids  move  very  little.  Eespiration  slow 
and  laboured. 

4.30.  The  chin  is  twitched  inwards,  the  sternum  once  or  twice,  the 
hind  feet  at  the  same  time  being  twitched  backwards.     The  eyes  open 
^,   widely.     Slight  convulsive  extension  of  limbs. 

4.3L  Beapintion  has  stopped,  com<^  \&  vn&^T^ible  \  thorax  opened 
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immediately.  There  were  large  extnTaaatioiis  of  blood  under  the  skin 
of  abdomen  and  thorax,  and  under  the  akin  of  the  left  hip.  Heart 
beating  Tigorously. 

The  muscles  contracted  on  direct  irritation.  The  foot  twitched  when 
the  sciatic  nerve  was  exposed  and  irritated  by  an  interrupted  current. 
The  peristaltie  movements  of  tlie  intestine  were  active  after  the  abdomen 
was  op^ed. 

Experinitnl  TTT. 

Dissolved  5  miUigrammes  of  dried  cobra-poison  which  had  collected 
round  the  stopper  of  the  bottle  containing  it  in  1 J  cubic  centimetre  of 
water,  and  injected  it  under  the  skin  of  the  left  hip  of  a  guineapig, 
weighing  7ti0  grammes. 

In  I  of  a  minute  after  the  injection  the  <"iin"t1  became  restless  and 
uneasy  and  b^an  to  ciy. 

1  j  minute  it  began  to  give  little  Htarta. 

3j'.  The  starting  motions  became  greater,  the  hind  quarters  of  the 
animal  being  jerked  upwards,  and  the  chin  drawn  in  towards  the  body ; 
continues  to  cry. 

4|'.  Passes  water. 

7'.  Less  restlesB. 

15'.  Washed  out  the  watch-glass  in  which  the  cobra-poison  had  been 
placed  nith  about  J  a  cubic  centimetre  of  water,  and  injected  it  m 
before.    Immediately  afterwards  the  restlessness  increased. 

24'.  Seems  to  be  trying  to  vomit. 

27.  It  cannot  walk  rightly. 

28'.  The  hind  1^  are  paralyzed  and  spread  out  laterally  from 
beneath  it. 

29*.  Bespiration  very  slow  and  deep.  The  animal  lies  quiet,  but  con- 
vulsive twitches  of  the  limb  follow  almost  every  respiration. 

Bespiration  8  in  |  a  minute. 

30'.  Cornea  insensible.  Seapiration  has  ceased.  Post-mortem 
examination  made  immediately.  The  left  ventricle  was  much  dilat«d,  the 
right  ventricle  empty.  There  were  two  beats  of  the  left  auricle  for  every 
one  of  the  ventricle,  and  the  ventricular  beat  was  weak  and  imperfect. 

Experiment  TV. 

Dissolved  1  centigramme  of  a  substance  like  gum,  and  labelled 
"  alcoholic  extract  oE  cobra-poison,"  in  I  cubic  centimetre  of  water.  It 
dissolved  easily  and  formed  a  somewhat  opalescent  solution. 

Injected  about  ^  of  this  (equal  to  3|  milligrammes  of  the  dried 
extract)  under  the  skin  of  the  thigh  of  a  rabbit  weighing  about  ft 
kilogramme. 

4  minutes  after  the  injection  there  was  no  apparent  effect  ■,  wi  ^  waiSiKt 
quantity  was  ^ain  injected,  making  tlie  Vrtai  uacraiA.  twrw^\i'J  "*» 
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rabbit  7  milligrammes  of  extract :  5|  minutes  after  the  first  injection  the 
animal  became  very  restless. 

7'.  Eespiration  rapid.  The  vessels  of  the  ears  were  noticed  to  be 
much  injected.  On  continuing  to  observe  them  the  injection  disappeared 
and  then  returned  again.  The  alternate  filling  and  emptying  of  the 
vessels  was  much  more  perceptible  than  in  the  normal  condition.  The 
rabbit  sits  quietly,  but  every  now  and  then  gives  a  start. 

22',  The  condition  of  the  ears  has  continued  the  same.  The  eyes  are 
becoming  half  shut  and  the  eyeballs  turned  up. 

The  animal  now  begins  to  tremble.  The  head  is  laid  down  on  the 
table  and  then  raised  again :  this  is  succeeded  by  a  nodding  motion  of 
the  head.    The  head  is  next  laid  down  on  the  table. 

Bespirations  22  in  15  seconds. 

24'.  The  animal  has  sunk  down  on  its  face,  and  paws  as  if  its  fore  legs 
would  no  longer  support  it.  The  hind  legs,  however,  still  support  the 
posterior  part  of  the  body.  Eespirations  11  in  10  seconds.  It  seems  to 
be  trying  in  vain  to  raise  its  head. 

26'.  Eespirations  8  in  10  seconds.  Convulsions.  The  cornea  is 
sensitive.  The  rabbit  is  now  lying  on  its  side.  Eespirations  5  in  15 
seconds.    Pulse  12  in  18  seconds. 

31'.  Cornea  is  nearly  but  not  quite  insensible.  The  eyeball  is  pro- 
truding. 

About  31  J'  respiration  has  stopped.  The  heart  is  still  beating 
vigorously. 

32*.  Cornea  insensible.  The  animal  opened  immediately.  The  heart 
was  beating  vigorously ;  21  beats  in  10  seconds. 

An  attempt  was  made  to  insert  electrodes  into  the  spinal  cord  and 
pass  uninterrupted  current  through  them.  No  effect  followed ;  but  it  is 
not  certain*  that  they  were  well  in  the  cord.  Irritation  of  the  nerves 
going  to  the  hind  legs  by  uninterrupted  current  had  but  a  sb'ght  effect. 
Direct  irritation  of  the  muscles  caused  them  to  contract.  After  the 
irritation  was  discontinued,  a  fibrillary  tvvitching  was  obsen'ed  in  one  of 
the  extensions  of  the  thigh. 

42*.  Heart  still  feebly  pulsating.  Irritation  of  the  brachial,  sciatic,  and 
crural  nerves  has  very  little  effect. 

46'.  Heart  still  feebly  pulsating. 

Experimeyit  V. 

Two  drops  of  cobra-poison  were  injected  under  the  skin  of  the  thigh 
of  a  guineapig. 

One  or  two  minutes  after  the  injection  the  legs  of  the  animal  began  to 
twitch.    It  was  then  covered  with  a  glass  bell-jar. 

6'  after  injection.  The  legs  are  again  twitching.  This  is  a  peculiar 
motion  of  the  hind  legs,  in  which  they  seem  to  make  an  abortive  attempt 
kick  involimtarRy. 
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7'.  Eespirations  are  deeper  than  usual. 

9'.  Legs  again  twitching. 

10'.  The  animal  is  restless  and  moves  round  and  round  inside  the  bell- 
jar.  G-runts  occasionallj  and  grinds  its  teeth.  The  hind-quarters  are 
twitched  upwards,  and  the  nose  is  drawn  in  towards  the  chin  at  the  same 
time. 

13'.  Bites  at  the  spot  where  the  injection  was  made  and  passes  water. 

22*.  It  can  no  longer  walk. 

23'.  It  has  sunk  down  and  lies  flat  on  the  table,  leaning  rather  to  one 
side.    Eespirations  are  deep.  There  are  occasional  twitches  of  the  legs. 

25'.  Cornea  is  sensitive.     Occasional  convulsive  stretches. 

27'.  Cornea  almost  insensible.  Eespiratory  movement  of  nostrils 
continues. 

28'.  Cornea  completely  insensible.  Post-mortem  examination  made 
immediately.  The  muscles  of  the  abdomen  were  dark-coloured.  Peri- 
staltic movements  of  the  intestines  occurred  when  the  abdominal  cavity 
was  opened.  The  heart  was  dark  and  slightly  dilated ;  all  its  cavities 
were  contracting,  though  feebly.  There  were  three  beats  of  the  auricles 
to  each  one  of  the  ventricles.  Irritation  of  the  nerves  in  the  pelvis 
caused  contractions  of  the  legs. 

35'  after  injection.    The  heart  is  still  feebly  contracting. 

Ea^erinunt  VI. 

October  2Sih, — ^Injected  about  a  grain  and  a  half,  or  two  grains,  of  the 
precipitate,  which  was  thrown  down  from  cobra-poison  by  alcohol,  into 
the  thigh  of  a  guineapig. 

2.30.  Injection  made.  A  few  minutes  afterwards  it  passed  some 
milky-looking  water,  and  then  remained  perfectly  quiet. 

3.8|.  Passed  water,  which  was  quite  clear. 

3.33.  Injected  about  two  grains  into  the  right  femoral  vein.  It 
passed  clear  water  almost  at  once. 

3.35.  Its  nose  gave  a  jerk  inwards.     Wounded  leg  drawn  up. 

3.38.  Nose  twitches  frequently  and  the  animal  emits  a  faint  barking 
sound. 

3.40.  Slight  tremors. 

3.50.  Begins  to  eat  a  piece  of  bread  placed  near  it. 

3.58.  Still  twitches. 

4.8.  Is  still  sluggish,  but  seems  nearly  well.    Recovered. 

Kvperinunt  "VTI. 

October  29th,  1872. — About  jj  a  grain  of  fresh  but  coagulated  and 
cheese-like  cobra-poison  was  suspended  in  distilled  water  and  injected 
iato  the  back  of  a  guineapig,  weighing  about  a  pound  and  a  (\u&£t(^'&. 

2.23.  Injection  made. 
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2.26.  The  animal  looks  scared  and  is  twitching.  This  guineapig  is 
very  active. 

2.30.  Another  dose  injected.  The  animal  is  twitching  much.  It 
jumped  out  of  the  deep  box  in  which  it  had  been  placed  for  observation. 
Breathing  is  hurried. 

2.36.  It  seems  better.     Another  dose  injected  into  the  thigh. 

2.45.  Not  much  effect.    Another  dose  injected. 

2.46.  Twitching  continues ;  animal  remains  active.     It  recovered. 

Means  of  preventing  the  Effects  of  the  Poison, 

There  are  three  ways  in  which  the  toxic  effects  of  a  poison  may  be 
entirely  prevented  or  greatly  diminished.  These  are : — 1st,  by  preventing 
its  admission  into  the  blood;  2nd,  by  counteracting  the  effects  it 
produces  while  it  is  circulating  in  the  body  and  sustaining  life  by 
artificial  respiration;  3rd,  by  quickening  its  elimination.  The  first  of 
these  methods  is  the  only  one  which  has  hitherto  been  of  any  great 
service  in  cases  of  poisoning  by  the  bite  of  cobras.  Various  attempts 
have  been  made  to  counteract  the  effects  of  cobra-poison  by  means  of 
antidotes ;  but  the  advantage  derived  from  their  use  is  still,  to  say  the 
least,  doubtful.  No  special  attempts,  so  far  as  we  know,  have  been 
made  to  hasten  the  elimination  of  the  poison,  or  at  least  none  have  been 
made  avowedly  for  this  purpose,  though  it  is  possible  that  some  of  the 
antidotes  may  have  had  that  effect.  This  part  of  the  subject  we  will 
treat  in  a  future  paper. 

The  subject  of  prevention  of  entry  of  the  virus  by  ligature  or  other 
mechanical  measures  has  been  fully  discussed  in  the  *Thanatophidia';  it 
is  unnecessary  to  recur  to  it  here,  for  the  present  at  all  events. 

For  the  purpose  of  attempting  to  counteract  the  effects  of  the  cobra- 
poison  while  it  is  circulating  in  the  blood,  it  is  necessary  to  have  some 
idea  of  its  mode  of  action. 

Mode  of  Action  of  the  Poison, 

Snake-poison  probably  produces  its  fatal  or  deleterious  effects  either 
by  completely  paralyzing  the  nerve-centres  or  other  portion  of  the 
nervous  apparatus,  and  thus  causing  arrest  of  respiration,  or  by  partially 
paralyzing  them  and  also  poisoning  the  blood,  thereby  inducing  patho- 
logical conditions  of  a  secondary  nature,  which  may,  according  to  circum- 
stances, cause  the  slightest  or  the  most  dangerous  svmptoms. 

The  effect  produced  depends  on  two  sets  of  conditions: — first,  the 

species    of    the  snake,  its  actual  state  at  the  time,  the  quantity  and 

quality  of  its  poison,  and  the  circumstances  imder  which  it  iuflicts  the 

bite  ;  second,  the  species,  size,  and  vigour  of  the  living  creature,  and  the 

i    c/rcumstances  under  which  it  is  bitten. 

Snake-poison  is  essentially  a  newrotie,  w\d,  wKen  it  takes  full  effect, 
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it  appears  to  kill  by  annihilating,  in  some  unknown  way,  the  source  or 
distribution  of  nerve-force.  It  is  also  an  irritant ;  for  if  applied  to  a 
mucous  membrane  or  to  the  conjunctiva,  it  soon  induces  violent  in- 
flammation ;  absorption  at  the  same  time  takes  place,  and  symptoms  of 
poisoning  are  produced.  It  is  also,  to  a  certain  extent,  a  septic ;  for  if  the 
bitten  creature  survive,  the  wound  and  the  parts  about  it  are  apt  to 
slough  and  to  induce  septicaBmia.  The  poison  acts  by  absorption — that 
is,  by  entering  the  circulation,  and  so  reaching  the  nerve-centres,  it  pro- 
duces, according  to  the  quantity  or  intensity  of  the  venom,  either  death 
or  severe  local  and  constitutional  symptoms.  If  it  find  entry  by  a  large 
vein,  such  as  the  femoral  or  jugular,  life  may  be  destroyed  in  a  few 
seconds. 

The  blood  itself  is  afEected  by  the  poison. 

Dr.  Fayrer  has  not  been  able  to  detect  any  corpuscular  changes,  nor  has 
he  any  exact  information  on  the  chemical  changes  it  undergoes,  or  may 
have  undergone  ;  but  that  it  is  altered  there  can  be  little  doubt ;  and  in 
poisoning  of  the  lower  animals,  at  all  events  by  the  Yiperidss,  its  coagula- 
bility after  death  is  generally  destroyed,  whilst  after  death  by  poisoning 
by  the  colubrine  snakes  the  blood  generally  coagulates  *. 

As  the  blood  is  the  channel  through  which  the  poison  acts,  it  ^ 
obvious  that  the  first  object  should  be  to  arrest,  destroy,  or  prevent  its 
entry  into  the  circulation ;  or  if  it  has  already  entered,  to  neutralize  or 
counteract  its  action,  or  to  procure  its  elimination  by  the  agency  of  the 
natural  depurating  organs  and  their  secretions,  and  to  treat  local, 
consecutive,  and  constitutional  symptoms  by  such  remedial  measures  as 
may  be  required  by  the  patient's  condition. 

Absorption  takes  place  with  extreme  rapidity,  so  fast,  indeed,  that  it 
was  formerly  supposed,  in  the  case  of  some  of  the  more  active  poisons, 
that  they  acted  by  transmission  of  a  shock  through  the  nervous  system, ; 
and,  so  far  as  we  know  at  present,  it  is  not  improbable  that  such,  in  some 
instances,  may  be  the  case.  But  rapid  as  the  effect  of  snake-bite  some- 
times is,  there  is  no  reason  to  believe  that  generally  it  operates  on  the 
nerve-centres  through  any  other  channel  than  that  of  the  vascular 
system.  The  experiments  of  Blake,  Hering,  and,  later,  of  Claude 
Bernard  show  that  absorption  takes  place  with  such  rapidity  as  to  ex- 
plain the  most  rapid  deaths  from  such  cause.  Blake  (vide  Guy's 
'  Porensic  Medicine,*  3rd  edition,  p.  388)  found  that  a  poison  passed 
from  the  jugular  veins  to  the  lungs  of  a  dog  in  from  four  to  six  seconds, 
from  the  jugular  vein  to  the  coronary  arteries  of  the  heart  in  seven  seconds ; 

*  Oar  experiments  in  England  have  not  confirmed  these  obeerrations  made  in  India. 
The  blood  of  animals  dead  from  /^aiota-poisoning  has  been  found  to  coagulate.  This 
is  a  point  that  needs  much  further  and  repeated  observation,  as,  indeed,  does  the  ques- 
tion of  the  chemistry  of  the  blood  of  animals  affected  by  snake-poisoD,  and  we  hope  to 
report  further  on  it. 
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a  poison  injected  into  the  jugular  vein  was  distributed  throughout  the 
circulation  in  nine  seconds.  Claude  Bernard  found  that  a  saturated 
solution  of  sulphuretted  hydrogen  introduced  into  the  jugular  Tein  of  a 
dog  began  to  be  eliminated  from  the  lungs  in  three  seconds,  and  when 
injected  into  the  femoral  vein  of  the  same  dog  in  six  seconds. 

We  have  neither  seen  nor  heard  of  any  case  of  snake-poisoning,  in 
man  or  the  lower  animals,  so  rapid  (though  in  some  Dr.  Fayrer  has  ob- 
served the  first  symptoms  in  a  few  seconds)  as  to  justify  the  conclusion 
that  poisoning  had  occurred  otherwise  than  through  the  medium  of  the 
circulation. 

Some  preliminary  experiments  made  in  England  by  one  of  us  (Dr. 
Brunton)  with  the  poison  before  it  had  undergone  decomposition  seemed 
to  show  that  it  produced  paralysis  of  the  spinal  cord,  of  the  ends  of  the 
motor  nerves,  and  of  the  muscles  themselves.  The  experiments  which 
we  made  together  with  the  same  poison  a  few  months  afterwards,  as 
well  as  with  other  samples  of  poison  sent  from  India,  have  not  given 
concordant  results.  We  therefore  propose  to  postpone  the  considera- 
tion of  this  subject  to  a  future  paper,  and  to  confine  ourselves  at  present 
to  the  mode  in  which  death  is  produced  by  the  poison,  especially  in 
mammals. 

Somatic  death,  according  to  Bichat,  may  commence  in  the  brain,  lungs, 
or  heart ;  but  the  experiments  of  Fontana  and  Legallois  show  that  so 
long  as  circulation  and  respiration  are  kept  up  the  body  remains  alive 
although  the  head  be  absent.  The  brain  is  only  necessary  to  life, 
inasmuch  as  the  respiratory  movements  cease  when  it  is  removed  or 
destroyed,  either  mechanically  or  by  the  action  of  a  poison  upon  it.  The 
causes  of  somatic  death  are  thus  limited  to  failure  of  the  circulation  and 
failure  of  the  respiration. 

The  long  continuance  of  the  cardiac  pulsations  after  apparent  death 
(Expts.  I.,  III.,  IV.,  v.,  IX.,  X.)  excludes  failure  of  the  circulation  as  the 
usual  cause  of  death ;  and  we  are  thus  brought  by  exclusion  to  regard  death 
caused  by  the  bite  of  a  cobra,  or  by  its  poison  introduced  into  the  body 
in  any  other  way,  as  death  from  failure  of  the  respiration,  or,  in  other 
words,  death  by  asphyxia.  The  truth  of  this  view  is  well  illustrated  by 
the  following  experiments*,  which  show  that  the  vitality  of  the  heart  may 
be  retained  for  a  considerable  time  if  the  respiration  is  kept  up.  It 
shows  also  that  the  convulsions  which  have  been  remarked  by  Kussell 
and  all  subsequent  observers  as  almost  always  preceding  death  are  not 
due  so  much  to  the  action  of  the  poison  itself  on  the  nervous  centres,  as 
that  they  depend  on  the  irritation  which  is  produced  in  them  by  the 
venosity  of  the  blood. 

*  Excepting  those  cases  in  which  the  poison  is  injected  into  a  large  Tcin,  such  as  th« 
jugular,  and  causes  sudden  arrest  of  the  heart's  action. 
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Experiment  VHI. 

Jidy,  1872. — A  drop  or  two  of  cobra-poison  dilated  with  water  was 
injected  into  the  thigh  of  a  strong  fowl.  Shortly  after  it  began  to  droop. 
It  then  seemed  drowsy,  and  crouched  down  with  the  beak  resting  on  the 
ground  :  it  then  fell  over  on  its  side.  The  comb  and  wattles  lost  their 
bright  red  colour  and  became  dusky.  Almost  simultaneously  convul- 
sions occurred.  A  cannula  was  quickly  inserted  into  the  trachea,  and 
artificial  respiration  commenced.  The  comb  rapidly  regained  its  bright 
colour^  and  the  convulsions  ceased.  On  the  artificial  respiration  being 
discontinued  the  lividity  of  the  comb  reappeared,  and  convulsions  again 
began.  The  experiment  was  repeated  about  ten  times,  and  on  each  oc- 
casion the  convulsions  disappeared  whenever  the  blood  became  arterial, 
as  shown  by  the  bright  colour  of  the  comb,  and  reappeared  when  the 
blood  became  venous.  After  discontinuing  artificial  respiration,  the  con- 
vulsions returned  and  the  fowl  died. 


Experiment  IX. 

November  7th,  1872. — A  cannula  was  placed  in  the  trachea  of  a  rabbit. 

12.57.  A  small  quantity  of  cobra-poison  was  injected  into  the  hip. 
Symptoms  of  poisoning  came  on  slowly. 

1.25.  The  animal  is  still  breathing,  but  the  limbs  are  almost  completely 
paralyzed.  Artificial  respiration  b^un.  Temperature  in  the  rectum 
101°-8. 

1.37.  Paralysis  is  now  complete.  The  animal  is  perfectly  motionless, 
and  not  the  slightest  movement  of  the  eyelids  occurs  when  the  cornea  is 
touched.     Temperature  in  rectum  100°'8. 

1 .55.  The  animal  appears  quite  dead,  but  the  heart  pulsates  vigorously. 

2.30.  Cardiac  pulsations  as  before.     Temperature  98°'6  F. 

2-32.  Heart  as  before.     Temperature  97°. 

4.10.  Heart  still  beats  vigorously.  Temperature  95°'4.  The  con- 
tinuance of  the  artificial  respiration  was  now  entrusted  to  an  assistant. 

5.  Heart  beating  well. 

6.20.  Heart  beating  feebly  and  its  action  jumping. 

6.30.  Heart  beating  slowly. 

6.30.  Heart  beating  a  little  quicker. 

7.30.  Heart  as  before. 

8.  Heart  beating  more  slowly. 

8.30.  Cardiac  pulsations  are  very  feeble. 

9.30.  Very  feeble  and  slow. 

The  hour  was  now  late,  the  rabbit  was  still  completely  motionless,  and 
its  body  felt  cold  to  the  touch.  The  artificial  respiration  was  therefore 
discontinued,  although  the  cardiac  pulsations  had  not  ceased.  Life  ^%& 
evidently  prolonged  for  some  hours  in  this  case  by  iff\iBLcaalT^%Y^2c^^'^* 
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Experiment  X. 

November  28tA,  1872. — One  fifth  of  a  drop  of  cobra-poison  (the  first 
supply),  diluted  with  about  2  cub.  centims.  of  |  per  cent,  salt,  was  injected 
into  the  external  jugular  of  a  rabbit. 

12.5.  Injection  made. 

12.20.  The  animal  has  been  convulsed  and  paralyzed.  Sensibility  of 
the  cornea  has  disappeared ;  cannula  placed  in  trachea  and  artificial  i^e- 
spiration  commenced.     Temperature  100°. 

1.15.  Temperature  96^-3.    Heart  is  beating  vigorously. 

3.13.  Heart  is  beating  as  before. 

3.20.  In  order  to  try  if  possible  to  quicken  elimination  milk  was  in- 
jected into  the  stomach. 

4.5.  Heart  is  beating  as  well  as  ever. 

4.40.  Heart  still  beating  vigorously.  Eespiration  discontinued.  Death 
soon  followed.  In  this  case  also  life  was  prolonged  by  artificial  respira- 
tion. 


III.  ''  Observations  on  the  Effects  of  Exercise  on  the  Temperature 
and  Circulation.^'  By  C.  Handfield  Jones,  M.B.  Cantab.^ 
F.R.S.     Received  May  24,  1873. 

The  effects  of  nervo-muscular  exertion  on  the  great  functions  of  circu- 
lation and  calorification  in  the  human  body  must  always  form  an  inter- 
esting subject  of  observation,  not  only  to  the  physiologist,  but  also  to  the 
physician,  as  affording  the  best  available  test  of  the  power  of  the  indi- 
vidual frame  to  endure  the  strain  of  disease  as  well  as  of  fatigue.  The 
effect  of  bodily  exertion  on  temperature  has  often  been  observed.  J. 
Davy  found  active  exertion  to  raise  the  temperature  1°*7  F.  Obemier  found 
that  a  quick  march  of  1^  hour  raised  the  temperature  1^*8  to  2°*  16  F.  Wun- 
derhch  gives  the  case  of  an  athlete,  who,  while  running  a  race,  suddenly 
became  faint  and  insensible,  and  was  found  soon  after  to  have  a  tempera- 
ture of  104°-9  F.,  a  pulse  of  128,  and  some  albumen  in  his  urine.  In  two 
hours  the  temperature  had  fallen  to  102°-38.  On  the  second  morning  the 
temperature  was  normal,  and  remained  so,  while  the  urine  quickly  became 
free  from  albumen.  Dr.  Bathurst  Woodman  relates  the  case  of  a  youth 
who,  after  walking  seventy  miles  in  two  days,  had  a  teniperature  of  105®  F., 
with  a  pulse  of  130,  and  enormous  quantities  of  lithates  in  the  urine. 
Another,  after  similar  exertion,  was  similarly  affected.  This  evidence  seems 
conclusive  as  to  the  tendency  of  severe  nen  o-muscular  exertion  to  raise  the 
bodily  temperature ;  and  it  seems  that  this  result  is  promoted  by  any 
existing  debiHty,  as  in  one  of  Obemier  s  observations,  when  the  man  was 
out  of  health,  a  very  fast  walk  of  one  hour  raised  his  temperature  to 
103^*28  F.  WunderHch's  and  Dr.  Woodman's  cases  are  of  special  interest, 


1873.]  on  the  Temperature  and  Gradation.  S75 

as  showing  how  excesaiTe  expenditim  of  force  Duy  genente  a  conditioD 
of  high  but  transitory  fever. 

My  own  results,  so  far  as  the  temperature  alone  is  concerned,  are  little 
morethaucoDfirmatoryof  those  of  others;  butthe  records  of  the  tndngs, 
and  of  the  variations  in  the  cardiac  force  which  were  noted  at  the  same 
time,  may  add  something  to  their  value. 

The  obaen'ations  detailed  in  the  accompanying  Tables  were  made  oa 
thirteen  males,  in  average  good  health,  during  winter  or  spring  weather, 
about  the  same  hour,  8-10  p.m.  The  age  of  I.  was  SS-^,  of  II.  36, 
of  VIU.  38,  of  the  others  16  to  26.  All  bore  the  exertion  well,  except 
IV.,  who  vomited,  and  was  rather  prostrate  for  a  short  lime  after. 
The  exercise  consisted  of  a  smart  run  for  a  mile  or  two.  I  have  de- 
scribed  the  sphygmometer  with  which  I  measured  the  force  of  the  pulse 
in  the  '  Medical  Times  and  Gasette,'  1871,  vol.  il.  p.  183.  After  the  nin 
the  pulse-rate  was  generally  first  observed,  then  the  force  necessary  to 
compreaa  the  radial  artery,  then  the  tracing  was  taken,  and  lastly  the 
temperature.  Wherever  the  pressure  employed  in  taking  the  tracing  is 
not  stated,  it  is  to  be  understood  that  the  same  was  employed  before 
and  after  the  run. 

The  result  of  the  Sphygmometer  observations  was  sufBciently  constant 
to  indicate  the  effect  generaUy  produced,  or  tending  to  be  produced,  by 
hard  exercise.  In  eight  out  of  tha  thirteen  cases  the  artery  was  com- 
preaeed  by  a  less  force  after  than  it  had  been  before  the  exercise.  The 
difference  in  I.  was  represented  by  100  grammes,  in  III.  by  48,  in  IV. 
by  112,  in  V.  by  123  (about),  in  VII.  by  56,  in  VIU.  by  llfl,  in  X.  by 
376,  in  XI.  by  100.  These  figures  may  be  considered  to  represent  the 
diminution  of  the  force  exerted  by  the  left  ventricle.  The  amountof  the 
arterial  contraction  existing  at  the  lime  of  each  observation  is  perhaps  in 
some  measure  concerned  in  the  result,  but  is,  I  believe,  a  factor  of  far  lees 
importance  than  the  cardiac  contraction.  This  opinion  u  borne  out  by 
a  reference  to  the  tracings  of  VI.,  which  indicate  considerable  arterial 
constriction  before  the  run,  and  but  little  after;  yet  the  sphygmometer 
result  is  almost  the  same  in  both  periods.  In  four  instances,  II.,  IX., 
XII.,  XIII.,  the  above  relation  was  reversed ;  the  force  of  the  cardiac 
contraction  appeared  to  be  greater  after  than  before  the  exercise.  I 
can  be  sure,  I  think,  that  this  did  not  depend  on  erroneous  observarion. 
The  excess  in  II.  was  56  grammes,  in  IX.  nearly  200,  in  XU.  30,  in 
XIII.  110  grammes.  As  these  were  vigorous  individuals,  it  does  not 
seem  improbable  that  the  exercise,  which  lasted  only  some  ten  or  fifteen 
minutes,  might  excite  the  heart  rather  than  ethaust  it ;  yet  the  tracings 
of  II.  and  IX.  do  not  bear  out  this  view.  These  four  instances  seem  to 
mo  very  important,  as  demonstrating,  what  might  have  been  Buspect«d  on 
other  grounds,  how  necessary  it  is  to  apply  the  dynamic  test  in  judging 
of  the  validity  of  the  circulatory  organs.  It  is  not  the  amount  of  the 
force  put  forth  by  ^  heart  «t  a  given  moment,  or  the  correctness  of  tb^ 
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form  of  the  tradng  at  the  eame  time,  that  will  enable  us  io  judge  how 
the  heart  aad  tt«  vesBelB  will  bear  the  Htrain  of  fatigoe  or  of  disease.  One 
heart  may  possess  much  more  reserve  force  than  another,  and  be  able  to 
put  forth  an  increase  of  energy  under  the  very  trial  to  which  the  other  is 
succumbing.  One  man's  arteries  may  posaeas  much  more  tone  and  his 
capiUariea  more  retentive  power  than  another  man's. 

The  Temperature  obaervationa  are  very  accordant,  showing  a  rise  of 
•2°  C.  (-36"  F.)  in  I.  and  IV.,  of  -3"  C.  (5-°4  F.)  in  Vn.,  of  -4°  C.  (-72°  P.) 
in  V.  and  IX.,  of  -5°  C.  (-9°  F.)  in  XI.  and  XIH.,  of  -6°  C.  (1°-I  P.)  in 
TI.,  Vm.,  and  X.,  and  of  1°  C.  (l°-8  P.)  in  IIL  and  XU.  The  general 
result  &Tours  the  view  that  the  nerve-centres,  which  regulate  tempers 
ture,  are  enfeebled,  though  but  moderately,  by  the  expenditure  of  force. 
The  degree  of  paresis  produced  varies  much  in  different  individuals ;  but 
only  in  two  of  my  subjects  did  it  approach  the  verge  of  morbid.  The 
cases,  however,  previously  cited  from  Wunderlich,  Obemier,  and  Wood- 
man make  it  very  probable  that  the  same  cause  acting  during  a  longer 
time  would  have  produced  in  my  instances  also  decided  febrile  pheno- 
mena ;  in  fact  it  must  be  considered  remarkable  that,  in  spite  of  the  free 
sweating  which  took  place,  the  cool  weather,  and  the  lapse  of  some 
minutes  which  occurred  before  the  temperature  could  be  taken,  the  rise 
should  have  been  so  constant.  One  remarkable  exception,  indeed,  there 
is  in  case  II.,  where  the  exertion  produced  actually  a  fall  of  -6°  C. 
(l°-08  F.).  This  might  be  explained,  as  the  individual  is  a  man  of  fine 
phyaique,  by  a  similar  assumption  as  was  made  with  respect  to  the  in- 
crease of  cardiac  force,  viz.  that  the  r^ulating  centres  were  stimulated 
and  not  depressed  by  the  exertion ;  but  this  is  doubtful,  and  I  can  find 
no  satisfactory  explanation.  '  In  observation  A,  at  the  end  of  the  walk 
(twenty-two  miles)  the  temperature  was  notably  depressed,  being  no 
more  than  35°-4,  i.  e.  V-2  C.  (2°-16  F.)  below  the  ordinary  temperature  of 
the  individual.  Aa  food  had  been  taken  five  hours  before,  lack  of  fuel  could 
hardly  have  been  the  sole  cause,  as  it  aeems  to  have  been  in  Dr.  Clifford 
Allbutt's  case ;  in  fact  the  individual  referred  to  has  a  temperature  of 
36°-2  C.  (97°-16  F.)  after  six  hours'  fast,  when  quiescent.  The  tradng, 
observation  A  (h),  was  small,  but  the  orculation  was  fairly  good,  and  the 
walker  did  not  feel  at  all  chilled.  The  contrast  in  this  instance  between 
the  effects  of  short  but  severe  exertion  and  prolonged  moderate  exertion  is 
very  marked.  The  former  raised  the  temperature  of  the  same  man  on  one 
occasion  •&"  C.  {1°'08  F.),  the  latter  depressed  it  just  twice  as  much. 

The  Fulae-rate  was  doubled  or  more  in  II.,  IV.,  and  V.,  and  increased 
to  a  less  amount  in  the  others.  The  reason  usually  assigned  for  this  ac- 
celeration, viz,  that  the  blood  arrive*  in  greater  quantity  at  the  heart 
because  of  the  pressure  exerted  on  the  veins  by  the  contracting  muscles, 
appears  to  me  by  no  means  aatisfoctory ;  for  if  this  were  the  real  cause, 
the  heart's  action  ought  to  be  equally  accelerat«d,  or  nearly  so,  in  all 
persons,  irrespectiTe  of  their  vital  condition.    8a<^b,  Vcw«sw,"^  ^s^  tw* 
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means  the  faot ;  it  is  well  known  that  a  person  in  good  condition  wiU  do 
a  given  piece  of  work  with  far  less  acceleration  o£  pulse  than  one  wbo  ia 
'  nntmned.  Thus  a  Londoner,  in  ascending  a  steep  Surrey  hill  heaviljr 
weoghted,  had  hU  pulse  rused  from  78  (while  sitting  still)  to  120 ;  bat  s 
countTTman,  of  rather  stronger  build,  performed  the  same  work  wiA 
much  less  acceleration.  His  pulse  was  90  after  he  had  walked  to  the 
bottom  of  the  hill,  96  at  the  top.  An  ancemic  patient  of  mine  had 
her  pnlse  increased  from  78  to  160  by  a  slight  exertion,  which,  when 
she  was  stronger  and  had  more  blood,  only  raised  it  to  103.  GrsTea 
observed  that  the  degree  of  acceleration  of  the  pulse  produced  by  sitting 
np  in  bed  is  a  good  indication  of  the  extent  to  which  a  patient  is  ex- 
hausted. These  facts  seem  to  prove,  per  exdatioTtem,  how  much  the 
state  of  the  nerre-force  has  to  do  with  the  pulse-rate.  Direct  experi- 
ment (the  section  of  the  vagi)  makes  this  still  more  certain  ;  moreover, 
as  acceleration  of  the  pulse  is  met  with  very  commonly  in  conditions  of 
febrile  debility,  and  as  a  cause  of  exhaustion  was  present  in  all  my  cases, 
it  does  not  seem  an  unreasonable  hypothesis,  from  all  these  premises,  to 
regard  weakening  of  the  regulating  action  of  the  vagi  on  the  cardiac 
nerve-apparatus  as  the  cause  of  the  increased  pulse-rate,  the  vagi  nerves 
or  their  centres  being  weakened  by  the  withdrawal  of  nerve-force  to  the 
motor  centres  of  the  limbs. 

But  though  I  can  hardly  doubt  that  this  view  is  in  the  main  correct,  - 
harmonizing  also  as  it  does  with  that  taken  as  to  the  cause  of  the  in- 
creased temperature,  yet  it  seems  to  be  opposed  by  the  results  obtuned 
with  the  manometer  after  division  of  the  vagi.  Dr.  Sanderson  finds  that 
in  BUcb  experiments  the  contractions  of  the  heart  are  sufficiently  vigorous 
to  maintain  an  arterial  pressure  several  inches  higher  than  the  norma]. 
Bat  if  I  may  trust  my  finger  and  the  sphygmometer,  the  force  of  the 
cardiac  contractions  and  the  resulting  arterial  pressure  are  generally  de- 
cidedly lowered  by  active  exertion;  in  fact  we  know  that  excessive 
exertion  may  produce  syncope.  I  cannot  attempt  to  reconcile  this  dis- 
crepancy. Acceleration  of  the  pulse-rate  per  w  seems  to  have  no  influ- 
ence in  increasing  the  intravascular  pressure.  This  conclusion  seems  to 
follow  from  an  examination  of  the  sphygmometer  records  and  of  the 
tiacbgs,  which,  in  the  majority  of  instances,  show  weakening  of  the 
cardiac  force. 

In  judging  of  the  Tracings,  it  may  be  assumed  that  in  the  state  of 
quietude  there  is  a  certmn  amount  of  uervo-muscular  force  put  forth  by 
the  heart  and  arteries  with  their  nerve-centres,  such  as  can  he  con- 
tinuously and  without  effort  produced,  and  that  the  amount  exhibited  in 
the  conducting  is  duly  proportioned  to  that  in  the  impelling  organs. 
The  plan  of  the  circulation  evidently  requires  that  the  heart's  force 
should  greatly  exceed  that  of  the  arteries,  that  the  latter  should  yield 
and  dilate  under  the  pressure  of  the  blood-current  on  their  inner  surface ; 
«nd  tiiis  seems  rery  constantly  to  take  place.     Moderate  exercise,  which 
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does  not  eihauet  the  heart,  as  a  va3k,  or  holding  up  a  weight  for  a  short 
time,  developes  the  tracing  iiutead  of  making  it  smaller.  Thiii  is  well 
seen  in  Obs.  D,  E,  F,  O,  where  the  greater  rise  implies  that  the  ' 
artery  is  relaxed,  but  the  heart  not  weakened.  It  is  also  well  seen  in 
cases  where  the  exercise  is  more  severe,  as  VI.  and  XIII.,  but  where 
the  heart  possesses  much  reserve  force ;  and  is  well  exemplified  in  an  in- 
teresting observation  published  by  Dr.  Fraser  (Joum.  of  Anat.  and  Phys. 
1869,  iii.  p.  128),  where  a  tracing  is  given  showing  the  effect  of  hard  rowing. 
The  after-tracing  is  much  more  ample  than  the  one  before,  like  YI.,  but 
differs  from  this  in  having  a  rounder  top  and  a  more  notched  fall,  i.  e.  in 
showing  more  dicrotism.  Where  both  heart  and  artery  have  been 
weakened,  the  heart  seems  to  recover  sooner  than  the  artery ;  this  ia 
well  shown  by  the  tracings  taken  in  a  case  where  nitrite  of  amyl  was  in- 
haled. That  taken  immediately  after  the  inhalation  is  irregular,  and  much 
smaller  than  the  one  taken  before  ;  while  the  third,  taken  two  minutes 
after  the  inhalation,  is  quite  remarkable  for  the  height  of  its  rise  and  the 
length  of  the  fall  preceding  the  notch.  The  height  of  the  rise  before  the 
amyl  was  given  is  '3  inch,  that  immediately  aft«r  is  about  '175,  while  the 
third  is  nearly  '6  in.  Clearly  the  artery  yielded  more  on  the  last  occasion 
to  the  impelling  force  of  the  ventricle  than  it  had  done  on  the  first. 
Expenditure  of  force  seems  to  produce  the  same  effect.  In  obs.  C,  6,  the 
tracing  taken  two  or  three  hours  after  rowing  is  much  ampler  than  that 
taken  immediately  after.  In  XII.  the  tracing  taken  thirty  minutes  after 
run  is  decidedly  ampler  than  that  taken  directly  after. 

Severe  exertion  seems  to  exhaust  the  heart  and  render  it  less  capable 
of  distending  the  art«iy.  M.  Lort«t,  in  his  ascents  of  Mont  Blanc,  found 
his  pulse  at  high  elevations  febrile,  rapid,  and  so  miserable  that  it  was 
scarcely  able  to  raise  the  spring  of  his  sphygmograph.  In  most  of  my 
observations  the  tracing  taken  as  soon  as  possible  after  the  exercise  is 
smaller  than  that  taken  during  quiescence.  This  is  very  specialty  the 
case  in  IV.,  where  the  man  was  out  of  condition,  and  became  prostrate 
and  sick  after  the  run  ;  it  seems,  however,  to  be  the  rule,  except  in  in- 
dividuals whose  hearts  are  gifted  with  more  than  usual  staying-power, 
such  as  in  VI.  and  YIII.  Prolonged  exertion,  though  not  severe,  if  I 
may  judge  from  one  observation,  abo  weakens  the  heart  and  diminishes 
the  tracing. 

The  general  conclusion  I  am  inclined  to  come  to  is,  that  the  amplitude 
of  the  tracing  depends  partly  on  tlie  force  with  which  the  heart  is  acting, 
and  partly  on  the  relaxation  of  the  artery.  As,  however,  in  all  cases  of 
severe  exertion  there  must  be  considerable  expenditure  of  force,  and  as 
at  the  same  time  the  blood-flow  is  certainly  promoted  in  the  extremities 
and  at  the  surface,  it  can  hardly  be  doubted  that  the  arteries,  the  larger 
and  smaller,  are  relaxed,  and  that  the  size  of  the  tracing  is  therefore 
mainly  dependent  on  the  amount  of  cardiac  force  exerted,  which  is 
but  sllghtiy  opposed  by  resistance  of  the  arterial  coat. 
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Coses  II.  and  IX.  are,  however,  a  great  puule.  Here,  especiallj  in 
n.,  the  tracing  is  more  ample  before  than  after  the  run ;  yet  ^  Bphj^ 
momet«r  shows  that  in  the  latter  period  the  heart  is  not  acting  more 
feebly^,  but  the  reverse.  This  discrepancy  Is,  I  fear,  not  to  be  got  over  bj 
the  consideration  that  the  height  of  the  ascent  does  not  depend  so  much 
on  the  whole  amount  of  force  put  forth  by  the  heart  in  a  single  contxao 
tion  as  on  the  amount  put  forth  at  a  given  instant.  The  artery  reniaia- 
ing  the  same,  a  powerful  contraction  of  the  ventricle  taking  place  grador- 
ally  may  no  doubt  produce  a  lower  and  more  sloping  rise  than  a  less  forciUe 
one,  which  takes  place  more  suddenly.  Sr.  Sanderson  writea  tliat 
"  suddenness  of  contraction  manifests  itaelf  in  verticality  and  amplitada 
of  the  primary  ascent  of  the  tracing,  while  in  those  forms  of  pulse  whidi 
correspond  to  a  more  gradual  mode  of  contraction  the  first  event  ia  in- 
diatinguishable."  But  the  heart  in  the  cases  referred  to  was  aMuredlj 
not  contracting  gradually  at  the  time  when  the  second  tracings  vrare 
taken,  but  sharply  and  jerkingly.  Although  the  height  of  the  aaoent 
may  be  no  measure  of  the  increased  amount  of  blood  in  the  artery,  yet  it 
is,  I  must  think,  of  the  force  appUed  at  each  systole  to  the  inner  surfaoe 
of  the  artery  and  of  the  expfmsion  of  its  tube.  A  sharp  flick  against 
the  pad  of  my  sphygmometer,  which  (the  pad)  is  not  allowed  to  tdoto 
more  than  a  certain  distance,  vt-ill  drive  the  traveller  the  whole  length  of 
the  scale,  whUe  a  pressure  less  sharply  and  suddenly  applied  will  not 
send  it  nearly  so  far.  In  any  case,  therefore,  where,  the  artery  remaining 
in  the  same  state,  or,  afortwri,  having  its  contractility  lessened,  the  rise 
is  positively  lowered  in  a  tracing  as  compared  with  a  previous  one,  I 
believe  that  weakening  of  the  cardiac  force  is  indicated ;  at  least  this  ifl 
the  only  interpretation  I  can  put  on  my  observations.  The  assumption 
of  a  tightened  artery  would  solve  the  difliculty  above  stated  ;  but,  under 
the  circumstances,  this  seeme  so  improbable  that  I  cannot  think  such  oon- 
striction  existed. 

The  general  conclusions  as  to  the  effect  of  exertion  on  the  circulation 
and  temperature  which  may  be  deduced  from  the  foregoing  observafioiu 
are  these : — 

(1)  That  the  heart's  force  is,  in  most  cases,  more  or  less  weakened  hj 
great  exertion.  (2)  That  the  arterial  contractility  is  probably  always 
lessened,  even  when  the  exertion  is  moderate.  (3)  That  after  exhaustion 
the  heart  recovers  sooner  than  the  artery.  (4)  That  the  heart's  action, 
in  about  one  third  of  the  cases  of  severe  but  brief  exertion,  is  increased 
in  force.  (5)  That  the  acceleration  of  the  pulse  probably  depends  chiefly 
on  exhaustion  of  the  vagi.  (6)  That  acceleration  of  pulse-rate  haaperse 
no  effect  in  increasing  intravascular  pressure.  (7)  That  the  temperature  is 
usually  elevated  by  exercise  from  "36°  to  l^-S  F.,  but  in  rare  instances, 
or  after  prolonged  toil,  may  bo  lowered  l°-08  to  2°-ie  F,  (8)  That  the 
paresis  of  cardiac  and  heat^regulating  centres,  coinciding  with  consump- 
tion of  nerve-force  in  motor  centres,  shows,  that,  in  some  way  one  centxe 
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ia  capable  of  drawing  upon  another  at  a  time  of  exigency.  (9)  That  Uie 
dynamic  test  is  indispensable  to  ascertain  the  luting  power  of  the  heut, 
the  tone  of  the  Tcsaels,  and  the  validity  of  the  neire-centrea  regulating 
the  temperature ;  in  fact  to  gangs  the  radical  oa  distingnished  from  the 
tutinff  forces.  (10)  That  the  capacity  to  endure  fatigue  well  indicateflt 
eaterit  paribut,  a  like  power  to  endore  disease  well. 


Obiervatum  A. — A  man,  est.  64,  walked  twenty-two  miles,  halting  at  the 
end  of  ten  for  rest  and  food.  The  tradng  taken  on  coming  in  (h)  was  much 
smaller  than  that  taken  before  starting  (a).  The  temperature  some 
minutes  Uiter  was  only  36''-4  C,  (95°'72  F.) ;  an  hour  later,  after  rest  and 
food,  it  WW  36°-2C.=9r-16  F. 
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Ob$ervcUion  B. — Same  man.  (a)  Tracing  taken,  April  16th,  while  at 
rest ;  (6)  tracing  on  return  home  from  rowing  fifteen  miles,  i.  e.  about  one 
hour  ftfter  landing.  6  presents  ahigher  ('15  to  1)  and  more  vertical  rise 
than  a ;  the  first  part  of  the  fall  ia  much  steeper,  the  diastolic  expansion 
ifl  much  more  mariced. 

Ohtervaium  C. — Same  man.  (a)  Tradog  taken  at  1  p.m.,  having  been 
at  rest  all  the  morning,  Maf  4th,  Fr.  120 ;  (6)  tracing  taken  May  2nd, 
iriien  feeling  exhausted  after  roving,  Pr.  120 ;  (c)  tracing  taken  inune- 
^ately  after  a  row,  Fr.  112 :  a  presents  a  moderate  rise,  a  rounded  top, 
a  gradual  unnotched  descent ;  h  a  high  vertical  rise,  a  blunt  but  not 
rounded  top,  a  descent  steep  in  its  first  half,  then  horieontal,  then  rather 
steep  again ;  c  is  characterised  by  its  smallness,  and  its  low  sloping 
rise. 

Observation  D. — Same  man.  (a)  Tracing  taken  while  at  reat,  hdght 
■1  in. ;  (fi)  tracing  taken  immediately  after  holding  up  ae  long  as  possible 
in  8-lb.  weight,  hei^t  'Vlb  in. 

Gbtarvatiofi  £. — A  youth  of  18,  same  experiment  as  in  D.  (a)  Tradng 
before,  holght  '1  in. ;  (fi)  tracing  after,  height  -2  inch. 

Ohiervation  F, — Subject  of  D.  {a)  Tracing  taken  while  at  rest  in  even- 
ing, hedght  '112  inch;  (ft)  tracing  after  a  walk  of  about  2  miles,  hdght 
■2  inch. 

Ohservatim  G. — Youth  of  18,  same  experiment  as  F.  (a)  Tracing 
before  walk,  -linch  in  height ;  (6)  tracing  ^Fter,  height  '175  inch. 

Obwniation  H. — Male,  ot.  62,  affected  with  Briglkt's  disease  and  ana- 
sarca, (a)  Tracmg  before  inhalation  of  nitrite  of  amyl ;  (6)  directly 
after;  (e)  two  minutes  after.  This  experiment  was  suggested  by  Dr. 
Broadbent. 
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IV.  "  On  a  newly  discovered  extinct  Mammal  from  Patagonia  {Ho~ 
malodoiherium  Cunninffhami]."  By  Williah  Hxnky  Flowkk, 
F.R.S.,  Hunterian  Professor  of  ComparatiTe  Anatomy,  aod 
Conservator  of  the  Museum  of  4he  Royal  College  of  Sui^eous. 
Received  May  30,  1873. 

(Abstract.) 
The  author  describes  the  complete  adult  dentdtdon  of  a  new  genus  of 
mammat,  founded  on  remains  discovered  by  Dr.  Bobert  O.  Cunningham 
in  deposits  of  uncertain  age  on  the  banks  of  the  Biver  Gallegos,  South 
Patagonia.  The  animal  appears  to  have  possessed  the  complete  typical 
number  of  teeth,  i.  e.  twenty-two  above  and  below,  arranged  in  an  un- 
broken series,  and  of  nearly  even  height,  and  presenting  a  remarkable 
gradual  transition  iu  characters,  in  both  jaws,  from  the  first  indsor  to  the 
last  molar.  The  molars  mora  nearly  resemble  those  of  the  genus  Shino- 
aros  than  any  other  known  mammal ;  and,  judging  only  by  the  general 
characters  of  the  teeth,  the  animal  would  appear  to  have  been  a  very 
generalized  type  of  Perissodactyle  Ungulate,  allied  through  Hyraeodon 
(a  Korth-Americau  Miocene  form)  to  BhiwyeerM,  also  mora  remotely  to 
Maeraitehenia,  and,  though  still  mora  ramotely,  to  the  aberrant  Naodon 
and  Toxodon,  The  generic  name  Homaiodoiherivm  was  suggested  for  this 
form  by  Professor  Huxley  in  his  Presidential  Address  to  the  Geological 
Society  in  1870. 

*  (I^ken  bj  uiothsr  initrunieiit  in  nonUi. 
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V.  "  On  the  Mathematical  Expression  of  Obeervatioiu  of  Com- 
plex Periodical  Pbenoniena,  and  on  Planetary  Influence  ml 
the  Earth's  Magnetism."     By  Charles  Chahbbesj  F.R.S., 
and  F.  Chahbeks.     Received  May  26,  1873. 
(Aba  tract.) 
The  authors  propose  in  this  paper  to  determine,  by  Bessel's  method,  a 
mathematical  expression  for  a  periodical  phenomenon  from  obserrationa 
which  are  ^ected  by  one  or  mora  other  periodical  phenomena,  aud  to 
find  criteria  for  judging  of  the  extent  to  which  the  expression  is  affected 
by  these  other  phenomena :  to  find  also  the  true  period  from  obsearatioiis 
of  a  single  periodical  phenomenon  of  which  the  period  is  only  approxi- 
mately known ;  or,  having  found  an  expression  for  a  period  of  hxiown 
approximation  to  the  truth,  to  find  from  it  the  expression  for  the  true 
period.     In  the  course  of  these  inquiries,  certain  ambiguities  which  affect 
similarly  Bessel's  expression  for  a  single  periodic  phenomenon  and  the 
results  here  arrived  at  are  remarked  upon ;  and,  finally,  the  results  are 
applied  to  determine  the  nature  of  periodic  planetary  phenomena  in  a 
pwticular  case. 

VI.  "The  Diurnal  Variations  of  the  Wind  and  Barometric  Pressure 
at  Bombay."  By  P.  Chambers.  Communicated  by  Charles 
Chaubers,  F.R.S.,  Director  of  the  Colaba  Obeervatoiyj 
Bombay.     Received  May  26,  1873. 

(Abstract.) 

The  object  of  this  paper  is  to  bring  to  notice  a  remarkable  relation 
that  has  been  found  to  exist  between  the  diurnal  variations  of  the  wind 
and  the  barometer  at  Bombay. 

The  observations  made  use  of  ara  the  records  of  a  Bobinson'a  anemo- 
graph duriug  the  first  three  years  of  its  performance,  vis.  from  June 
1867  to  May  1870,  and  the  corresponding  hourly  observations  of  the 
barometer  and  the  dry-  and  wet^bulb  thermometer  made  at  the  Govern- 
ment Observatory,  Bombay. 

The  mean  results  for  each  hour  of  the  day  during  the  whole  period 
and  the  mean  diurnal  variations  of  each  element  are  tabulated  and  gra- 
phically represented  by  figures.  The  diurnal  variation  of  the  wind  is 
then  investigated,  the  most  influential  part  of  which  is  attributed  to  the 
land'  and  sea-breeses  which  blow  from  E.S.E.  and  W.N.W.,  and  are 
shown  to  follow  mainly  the  same  law  of  progression  as  the  temperature 
of  the  air,  thus  affording  confirmatory  evidence  of  the  truth  of  Halley'a 
theory  of  the  trade-winds  as  applied  to  land-  and  sea-breezes. 

Some  peculiarities  of  the  curve  representing  the  land-  and  sea-breesea 
are  tAen  pointed  out,  and  these,  the  writer  concludes,  are  due  to  the  super- 


1878.]  Dr.  B.  S.  Ball'*  Retearchet  in  Dyname$.  886 

position  of  another  distinct  variation  faaving  two  muTiTnn  poj  two 
mitiima  In  the  twentj-fouT  hours,  like  the  barometer  variation ;  and  he 
supports  his  views  by  a  reference  to  the  variation  of  the  east  componenta 
of  the  wind  in  the  months  of  July  and  August,  when  the  land-  and  sea- 
breezes  have  almost  disappeared.  This  is  found  to  exhibit  a  decided 
dtnible  period.  The  north  components  of  the  land-  and  sea-breeieB  are 
then  approximately  eliminated  from  the  north  components  of  the  whole 
variation,  and  the  variation  which  then  remains  exhibits  a  very  decided 
douih  period  in  this  direction  also.  These  Tariationa  with  double  periods 
are  regarded  as  indicative  of  the  existence  of  a  double  diurnal  variation 
in  the  general  movements  of  the  atmosphere.  Upon  this  hypothesis 
typical  diurnal  variatdons  of  the  wind  are  deduced  for  north  and  south 
low  latitudes — that  for  north  latitudes  exhibiting  a  double  diurnal  right- 
handed  rotation,  and  that  for  south  latitudes  a  double  dinmal  left- 
handed  rotation ;  and  from  these  the  diurnal  variaticok  of  the  barometer  is 
deduced. 

The  movements  of  the  vrind-vane  at  Bombay  are  then  analyzed ;  and 
the  writer  concludes  that  the  great«r  part  of  the  excess  <^  "  direct "  over 
"  retrt^rflde  "  rotation  of  the  vane  at  Bombay  is  due  to  the  diurnal  varia~ 
tion  of  the  wind. 

Extracts  are  given  from  observations  made  at  St.  Helena,  Toronto, 
and  Falmouth,  showing  the  charact«r  of  the  diurnal  wind-variations  at 
those  places,  and  their  greater  or  less  agreement  with  the  deuced 
typical  curves.  The  writer  maintains  that  these  variations  ^ord  inde- 
pendently a  possible,  if  not  a  probable,  explanation  of  that  movement 
of  the  ur  which  Dov^  had  called  the  "  Law  ot  Gyration ;"  and,  in  conclu- 
sion, he  points  to  the  extent  of  their  applicability  in  deducing  weather 
probabilities,  and  to  the  method  of  discussing  storms. 

A  postscript  is  added,  giving  the  mean  diurnal  variation  of  the  wind 
at  tlondwich  Manse,  Orkney,  and  pointing  out  its  general  conformity 
nith  the  results  deduced  from  the  Bombay  wind-observations . 

VII.  "  Researches  in  the  Dynamics  of  a  Rigid  Body  by  the  aid  of 
the  Theory  of  Screws."  By  Robert  Stawill  Ball,  LL.D. 
Comniamcated  by  Professor  Cayley.  Received  May  39, 
1873. 

(Abstract.) 

This  ptper  contains  some  developments  of  a  theoi7  i&atdied  in  the 
Transactions  of  the  Boyal  Irish  Aisademy,  vol,  xxv,  p.  157. 

Past  I.  discusses  the  quantity  of  energy  necessary  to  give  a  body  a 
twist  about  one  screw  while  acted  upon  by  a  wrench  about  another  screw. 
The  expression  virtual  coe^dmt  is  defined,  imd  application  is  made  of  the 
reciprocal  character  of  the  virtual  «oefEisrat  to  solve  the  problem  o£ 
resolving  a  wrench  along  six  given  Mrews< 
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Fast  II.  Six  screws  of  reference  am  be  chosen,  euch  that  each  sere 
is  reciproi^al  to  all  the  reat ;  the  group  is  said  to  coDsist  of  eoredproet 
tcrewa.  The  analogy  between  the  convenience  obtained  by  rcferriiig  tb 
tAviat  coordinates  of  a  rigid  body  to  a  group  of  coreeiprocal  screwa,  an 
the  convouienco  obtained  by  referring  the  coordinates  of  a  point  t 
rectangular  axes,  is  polat«d  out.  The  important  theorem  that  one  Bcrei 
can  be  found  which  is  reciprocal  to  five  ^ven  screws  is  discussed. 

Part  III.  The  ie.viant  is  a  function  of  six  screws,  which  can  be  ei 
pressed  as  a  determinant.  The  property  possessed  by  six  HcrewB  whei 
their  sexiant  vanishes  may  be  enunciated  in  several  different  ways  ;  e.  g 
wrenches  of  appropriate  magnitudes  equilibrate  when  apphed  about  th 
KX  screws  to  a  free  rigid  body.  If  seven  twist  velocities  about  aevei 
BcrewB  neutralize,  then  each  twist  velocity  must  be  proportional  to  th 
Besiant  of  the  six  remaining  Horewa, 

Part  IV.  If  a  quiescent  rigid  body  receive  an  impulsive  wrenrh,  thei 
the  body  commences  to  twist  about  an  instantajtfous  scrtw.  It  is  abowl 
that  if  four  impulsive  screws  lie  on  a  cyliudroid,  the  four  instaiitaneoii 
Bcrews  lie  on  a  cylindroid,  and  also  the  four  impulsive  reactions  causei 
by  the  constraints.  The  anharmonic  ratios  of  each  of  these  groups  o 
four  are  all  equal.  Several  special  properties  of  impulsive  and  instautflr 
neous  screws  are  also  considered. 

Past  Y.  When  a  body  has  k  degrees  of  freedom,  it  k  shown  that  J 
principal  lertwi  of  Icinetic  energy  can  be  determined.  "When  an  Lmpul' 
aive  wrench  is  imparted  about  a  principal  screw  of  kinetic  energy,  thi 
body  commences  to  twist  about  the  same  screw.  These  principles  on 
illustrated  by  detailed  examination  of  the  cases  of  two  and  three  degree 
of  freedom. 

Pabt  VI.  MiscellaneouB  propositions.  The  principal  questions  dis- 
cussed are : — the  locus  plane  of  a  point  for  twists  about  the  screws  on  i 
cylindroid ;  the  equilibrium  of  a  body  under  the  action  of  gravity  for  thi 
different  cases  of  freedom ;  remarks  on  Professor  Sylvester's  theory  o 
lines  in  involution ;  generalization  of  a  theorem  due  to  M.  Chasles. 


VIII.  "  On  the  FosBil  Mammals  of  Australia.  Family  Macro. 
poDiD£.  Genera  Macropus,  Pachysiagon,  Leptosiagon,  Pro- 
coptodon,  and  Palorchettes. — Part  IX."  By  Prof.  Owen,F.R,S 
Received  April  19,  1873. 

(Abstract.) 
Id  this  Part  the  author  concludes  his  descriptions  of  the  fossils  on 
hand  relating  to  the  family  of  Kangaroos  (Macropodidte).  Ue  gives  ad- 
ditional evidence  of  the  characters  of  Macropus  Titan,  evidence  of  a  largei 
apecies  of  Macropus  proper  (3f.  Ferragus),  and  of  two  subgeneric  modi- 
fivations  of  that  type  {Pachysiagon  and  Z^tosiagon).     The  characters  ol 
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a  well-marked  genus  or  subfamily  of  Macropodidffi  are  illiutrated  bjr 
fossils,  on  which  are  founded  a  genus  Proeoptodon,  and  the  spedee  Proe. 
Pusio,  Proe.  Qoliah,  and  Ptoc.  Rapha.  The  paper  concludes  with  the  doscrip- 
tion  of  a  considerable  part  of  a  foBsU  cranium  ludlcatiTe  of  the  largest  form 
of  kangaroo  hitherto  found ;  for  the  subgenus  and  species  so  indicated 
the  author  proposes  the  name  Pahrtkala  Aatd. 

The  illustrationB  of  the  paper  form  the  subjects  of  nine  4to  Plates. 


IX.  "  Obaervationa  on  the  Currenta  and  UnderciurentB  of  the 
Dardanelles  and  Bosphorus,  made  by  Commander  J,  L. 
Wharton,  of  H.M.  Surveying-Ship '  Shearwater/  between  the 
months  of  June  and  October,  187S."  From  a  Report  of  that 
Otficer  to  the  Hydrographer  of  the  Admiralty.  Communi- 
cated by  Admiral  Ricbakds,  C.B.,  V.P.R.S,  Received  May  7, 
1873. 

There  is  a  general  flow  of  the  Black-Sea  water  through  the  Bosphorus, 
Marmara,  and  Dardanelles  to  the  Mediterranean,  probably  caused  by  the 
combination  of  three  things : — first,  the  prevalence  of  N  JI.  winds  in  the 
B]a«k  Sea ;  secondly,  the  excess  of  water  received  from  the  large  rivere 
over  the  amount  lost  by  temperature  at  some  seasons;  and,  thirdly,  the 
difference  of  specific  gravities  in  the  two  seas. 

Of  these,  observation  goes  to  prove  that  the  wind  has  by  far  the  greatest 
influence. 

There  is  as  general  a  countercurront  setting  up  under  the  suifaco- 
stream,  in  an  opposite  direction,  from  the  Mediterranean  to  the  Block 
Sea.  This  seems  to  be  dependent  on  the  surface-current ;  for  when  the 
latter  is  alack,  the  undercurrent  is  slock  likewise. 

DABnAKEIXES. 

From  observations  made  from  14th  June  to  30th  October  1872. 

The  ordinary  direction  of  the  surface-current  in  mid-stream  is  S.W„ 
or  "  down  "  the  straits,  with  the  wind,  which  blows  from  the  opposite 
quarter  for  three  parts  of  the  year ;  but  when  a  S.W.  wind  has  lasted  a 
few  days  and  forced  its  way  through  the  straits  from  one  end  to  another, 
the  current  will  run  in  the  opposite  direction,  but  never  so  strongly  as 
the  8.W.  current. 

Wherever  a  point  juts  out  into  the  struts,  or  a  tun  occurs,  counter- 
currents  run  up  strongly  inshore  on  their  lee  sides,  as  might  be  expected ; 
and,  generally  speaking,  with  the  exception  of  those  places  where  the 
straits  are  narrowed  by  two  points  opposite  to  one  another,  either  slack 
water  or  a  alight  eddy  exists,  on  either  shore,  for  »  short  distance  from 
the  coast. 
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As  M  geneml  rule,  the  Btronger  tmd  more  contmuosB  the  N.E.  wind, 
ttie  stronger  the  S.W.  set ;  but  the  surfaoe-currentB  are  capricious  in  thear 
Tfttoa,  the  wind  Beeming  to  afiect  them  more  at  some  times  than  at  others. 
This  is  probably  owing  to  the  different  winds  that  may  be  blowing  at  the 
two  ends  of  the  straits,  it  being  a  common  occuirenoe  that  a  strong  8.W. 
wind  eiista  at  the  southern  end  simultaneously  with  a  K.E.  one  at  t]ie 
northern.  This  was  verified  on  several  occasions,  and  doubtless  checks 
lite  flow  of  water. 

On  calm  days  the  current  will  uBuaUy  be  slack  to  the  S.W. ;  but  there 
■re  exceptions  to  this  also,  and  it  will  sometimes  even  run  to  the  K.E!. 
Zt  may,  however,  be  safely  stated  that  the  current  is  rarely  strong  when 
there  is  no  wind. 

The  general  average  rate  of  the  current  may  be  taken  at  Ij  knot 
from  one  end  of  the  strait  to  the  other ;  but  in  some  places,  as  at  Chanak 
Kalehsi,  it  will  run  3  knots,  when  at  Gallipoli  it  is  but  1  knot. 

The  maximum  current  is  at  Chanak,  where,  with  a  strong  N.E.  wind, 
it  will  attain  a  speed  of  4^  knots. 

As  has  been  Btat«d,  a  south-westerly  wind  will  stop  the  current  in  the 
upper  part  of  the  strait,  and  a  long  continuance  will  cause  it  to  change 
entirely  its  direction,  but  it  will  never  ran  more  than  a  knot  to  the  north- 
eastwufd. 

Though  the  maximum  lunar  tide  is  only  3  or  4  inches,  the  water  some- 
tunes  rises  as  much  as  2  feet  above  its  usual  height,  which  may  be  ac- 
counted for  by  the  same  cause — i.e.  the  different  winds  at  the  two  ends  of 
the  struts  checking  the  flow  below,  and  causing  the  water  to  accumulate 
above. 

The  observations  for  undercurrent  have  been  made,  as  far  as  possible, 
in  different  kinds  of  weather,  so  as  to  ascertain  what  isfluence  the  wind 
might  have  on  the  movement  of  the  water*. 

If  the  obsened  rates  and  areas  on  October  4th  be  taken,  it  makes  the 
outflow  to  the  inflow  as  3  to  1 ;  but  every  correction  will  diminish  this 
ratio,  and  it  is  probably  nearer  3  to  2  :  or,  in  other  words,  the  quantity 
of  water  flowing  from  the  Marmara  is  half  as  much  again  as  that 
which  it  receives  back  from  the  Mediterranean;  but  this  is  a  very 
vague  approximation. 

*  Jdler  Tuioui  modificatians,  the  drag  finallj  adopted  wu  n  flat  board  6  feet  gqiuue, 
with  B  wing  at  right  *tig\m  U>  the  centre  of  it  2  feet  in  length. 

To  the  eitremitiea  of  tbia  abort  wing  a  aling  ia  made  last,  and  to  this  sting  the  nip- 
porting  line  to  the  tmoj  ia  bent  at  aucb  a  point  ai  irill  keep  llie  aurface  of  tlte  drag 
vertical  when  the  atrain  oomee  oa. 

It  weigha  70  Iba.  in  air,  and  took  120  lb*,  of  lead  to  aink  it  satiafactArilj. 

The  line  ma  ordinarj  lead  line.  The  float  was  an  iron  nun  buo;,  &  feet  long  bf  1  in 
diameter  in  the  centre,  capable  of  supporting  80  Ibe. 

The  pulling  boats  used  draga  of  a  nmilar  ihiipe,  4  feet  square,  of  csnraa,  laced  to  a 
wooden  frame  to  prevent  oollapaing,  which  did  not  require  such  heavy  weights  to  aink 
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On  all  occaaionB  when  it  haa  been  pracdc&ble  the  specific  gntrity  and 
temperature  of  tiie  water  have  been  taken  at  different  depths,  at  the  sune 
times  and  places  as  the  current  obBerrations. 

The  general  result  of  the  undercurrent  obserrationB  in  the  Dardanelles 
is,  that  an  uiufercurrent  exists  whenever  a  surface  one  does,  and  invari- 
ably in  an  opposite  direction. 

Even  with  the  imperfect  means  used,  out  tA  12  days'  obserration  10 
gave  this  result. 

The  speed  at  which  the  under  countorcurrent  travels  seems  to  depend 
upon  that  of  the  surface. 

The  highest  rate  actually  observed  in  the  Dardanelles  was  -^  of  a  knot 
an  hour,  when  the  surface-stream  in  the  opposite  direction  was  also  the 
fastest  experienced,  3  knots. 

When  the  surface-current  was  slack  so  was  the  undercurrent. 

There  was  little  or  no  deviation  from  this  rule. 

The  depth  of  the  surface-current  appears  to  be  about  10  to  15  fathoms. 

Below  this,  the  whole  of  the  water  to  the  bottom  is  generally  on  the 
move  in  a  contrary  direction. 

At  about  10  or  15  fathoms  depth  also  the  specific  gravity  of  the  water 
generally  alters  rapidly,  approximating  to  the  Mediterranean  density 
below,  and  to  that  of  the  Black  Sea  above. 

The  temperature  also  changes  about  this  point. 

This  shows  that  it  is  not  superfluous  surface-water  that  is  running  back 
underneath,  but  that  it  is  the  Mediterranean  supplying  the  place  of  the 
lighter  Marmara  water. 

There  appears  to  be  little  or  no  slack  water  between  the  two  currents, 
favourable  observations  having  given  them  in  apposite  directions  in  a  very 
few  fathoms  different  depth. 

Detailt  of  Undereurrtnt  Observations. — Dardanelks. 

On  July  29th  an  under  countercurrent  was  obtained  in  the  eeittre  of 
Oallipoli  Strait  at  30  fathoms.  At  the  commencement  of  this  observa- 
tion it  was  calm,  and  the  sur&ce  ran  but  a  tenth  of  a  knot,  with  a 
counter  undercurrent  of  two  tenths ;  later  in  the  day  a  breeze  sprang 
up,  when  the  sur^tce  ran  six  tenths,  and  the  undercurrent  was  increased 
to  three  tenths,  showing  an  unmistakable  connexion  between  wind  and 
current. 

Next  day  gave  almost  identical  results.  The  current  of  seven  tenths 
of  a  knot  at  the  surface  decreased  in  str^kgth  with  the  depth,  changed 
ite  direction  at  about  15  fathoms,  and  increased  in  rate  to  the  bottom, 
where  it  showed  three  tenths. 

On  August  13th  five  boats,  equidistantly  arranged  across  the  strut, 
took  observations  with  various  results ;  but  generally  the  surface-current 
ran  to  N.E.,  and  the  under  to  the  S.W.,  reversing  the  usual  order;  all 
rates  very  slow. 

VOL.  ixi.  2  I 
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The  wind  was  S.W.,  hght,  and  had  been  so  for  two  days  ;  but  it  wu 
subsequently  ascertained  that  at  the  south  end  of  the  Dardanelles  tiie 
S.W.  wind  had  been  fresh. 

On  September  2nd,  in  the  course  of  experiments  made  to  oompare 
different  drags,  no  undercurrent  was  found.  It  was  nearly  calm,  and 
the  obsen^ation  was  confined  to  one  spot  only. 

On  September  10th,  after  24  hours  calm,  succeeding  to  seven  days 
strong  N.E.  winds,  the  surface-current  was  almost  nil. 

Five  boats  obtained  simultaneeus  observations,  of  which  the  two  on 
the  Asiatic  side  found  the  surface  moving  to  S.W..,  and  an  undercurrent 
to  the  N.E.,  averaging  two  tenths  of  a  knot  each ;  the  other  boats*  drags 
scarcely  moved.     The  observation  was  not  completed. 

On  October  4th  four  boats  obtained  observations  in  a  strong  N jB.  wind 
that  had  been  blowing  for  five  days  previously. 

There  was  a  nasty  sea  in  from  the  Sea  of  Marmara,  which  rendered 
it  difficult  for  the  pulling  boats  to  hold  their  own,  and  caused  the  loss  of 
several  drags  in  hauling  in.  The  results  were  that,  at  20  fi&thoms  and 
deeper,  the  drags  went  to  windward  ;  they  were  stationary  at  15  fathoms, 
and  above  the  current  ran  to  the  S.W.  The  swiftest  rates  in  both 
currents  were  at  the  extremes,  the  surface  and  bottom;  the  former 
1|  knot,  the  latter  half  a  knot. 

This  concluded  the  undercurrent  observations  at  Grallipoli. 

September  18th.  Four  boats  took  observations  off  Bourgaz  Light. 
The  wind,  which  had  been  for  three  days  strong  from  the  N.E.,  was  mo- 
derate from  the  same  direction  at  the  commencement  of  the  day ;  but 
before  the  full  set  of  observations  could  be  completed,  it  freshened  to 
such  a  d(?gree  that  the  boats  were  imable  to  work,  and  had  to  bear  up  for 
the  ship  ;  the  steam  cutter  even  had  to  desist. 

The  result  was  that  at  25  and  20  fathoms  all  drags  went  to  windward, 
though  slowly,  against  a  surface-current  of  2\  knots  per  hour.  The 
densities,  as  usual,  changed  rapidly  between  1 0  and  20  fathoms. 

September  24th.  After  a  strong  X.E.  wind  for  two  days,  four  boats 
tried  in  the  narrows  between  Chanak  Kalehsi  and  Kilid  Bahr.  The 
surface-stream  was  rapid,  and  the  \^'ind,  moderate  at  the  commencement, 
increased  up  to  11  a.m.,  when  the  boats,  having  recovered  their  drags 
>\ith  some  difficulty,  had  to  give  up  any  further  attempt  at  struggling 
against  the  current  and  sea. 

The  results,  on  the  whole,  were  not  satisfactory.  With  the  steam 
cutter  on  the  European  side  of  the  centre  using  the  6-feet  wooden  drag, 
the  buoy  went  to  \^indward  at  33,  23,  and  16  fathoms  at  the  rate  of  -j^, 
-j^,  and  yV  respectively,  remaining  stationary  at  10  fathoms.  Here  also 
the  densities  changed  rapidly.     The  surface-current  was  2jJ  knots. 

The  boat  on  the  Asiatic  side  of  the  centre  obtained  a  slight  under- 
current, but  was  swept  away  herself  2  or  3  miles  to  leeward  whilst 
attempting  to  take  temperatures. 


1873.]  (^the  Dardanetta  and  Botphorua.  391 

The  boat  on  the  Asiatic  side  obtained  another  undercurrent  of  -^^  and 
-^  at  17  and  23  fathoms,  but  at  34  &thomB  it  agtun  drifted  slowly  to  lee- 
ward.    Surface-current  about  3  knots. 

The  countercmrents  obttuned  here  were  at  less  depths  than  any  before 
obseryed. 

October  1st.  Four  boats  together,  across  the  western  entrance  to  the 
Dardanelles  from  Koum  Kaleh  to  Seddul  Bohr.  The  wind  was  light 
and  variable,  but  it  had  been  blowing  half  a  gale  from  the  NJE,  the  three 
preceding  days,  and  the  auriace-stream  was  strong,  nearly  3  knots,  but 
with  smooth  water.  The  results  this  day  were  curious,  as  instead  of  the 
under  countercurrent  existing  from  the  bottom  upwards  to  about 
15  fathoms,  as  usual,  it  was  found  between  10  and  20  fathoms,  running 
strongest  at  15 ;  but  below  20  fathoms  the  water  was  apparently  moving 
in  the  same  direction  as  the  surface. 

Here,  too,  at  the  surface  is  no  longer  the  pure  sea  of  Marmara  water; 
the  density  shows  it  to  be  mixed  with  the  Mediterranean,  probably  from 
a  counter  surface-current  that  sometimes  runs  up  inshore  on  the 
European  side. 


The  general  How  of  the  water  is  from  the  Black  Sea  to  the  Marmara, 
and  at  an  average  rate  of  about  2j  knots  ;  but  the  speed  of  the  current 
will  vary  from  hour  to  hour,  and  the  course  of  the  stnut  is  so  tortuous 
that  the  water  runs  in  swirls  and  streams  of  different  speeds. 

Generally  the  current  runs  quicker  in  the  afternoon  than  the  forenoon ; 
and  as  the  mornings  are  usually  calm  and  the  N.E.  breeze  gains  strength 
during  the  day,  this  seems  to  be  attributable  to  that  fact. 

The  remark  made  with  r^;ard  to  the  Dardanelles  currents,  that,  "  aa 
a  rule,  in  a  calm  the  currents  are  slack,"  does  not,  however,  apply  to  the 
Bosphorus. 

On  two  occasions  during  the  '  Shearwater's '  visits  the  current  seemed 
to  have  ceased  altogether,  without  any  apparent  cause,  calms  existing  at 
the  time,  but  in  certain  places  (as  the  Devil's  Current  and  off  Seraglio 
Point)  the  water  was  still  draining  down.  The  Turkish  fleet  which  lie 
in  the  strength  of  the  current,  opposite  Scutari,  were  swung  in  different 
directions. 

It  is  reported  that  in  the  winter  season,  when  S.W.  gales  of  long 
duration  are  not  uncommon,  the  current  will  run  the  opposite  way  with 
some  strength. 

The  current  gathers  strength  as  it  advances  down  the  strait ;  at 
the  northern  entrance  it  was  never  found  so  strong  as  at  the  southern. 

A  general  undercurrent  running  counter  to  the  surface-stream  was 
found  at  both  ends  of  the  Bosphorus  ;  in  the  deep  channel  the  rate  of 
this,  as  recorded  by  the  drift  of  the  buoy,  varied  from  l-j'j  to  -j^  of  a 
knot,  and  the  depth  at  which  it  was  found  varied  from  15  to  30  fathoms. 
This,  it  must  be  remembered,  is  subject  to  great  corrections. 

2l2 
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Dttaila  of  Undercurrent  Observation. — Botphorw*. 

The  spot  chosen  for  the  observations  at  the  Bouthem  end  of  tb 
BosphoruB  was  between  Seraglio  Point  and  Loander's  Tower. 

Here  the  whole  surface  runs  down  with  great  velocity,  with  no  nd 
eddies.  There  is  a  narrow  deep  channel  of  34  fathoms  close  to  thi 
Stamboul  side,  otherwise  the  depth  does  not  exceed  20  fathoms.  In  thi 
deep  channel  the  up  undercurrent  was  found. 

On  AugTiat  Slst  the  drag  *  wan  tried  in  a  N.E,  wind,  force  4,  and  witl 
a  Hurface-«iirrcnt  of  3^  knots.  When  lowered  to  a  depth  afterwardi 
BSBumed  to  be  20  fathoms,  it  at  once  rushed  violently  awsy  against  thi 
Burf ace-H  t  ream . 

On  the  12th  of  October  the  st«am  cutter  tried  again  in  the  dee] 
channel.  This  day  was  one  of  those  when  the  surface-currents  in  thi 
Bosphorus  were  unaccountably  slack  and  variable.  At  Therapia,  nea 
the  north  end,  Ihe  wat-er  was  motionless,  while  at  Seraglio  Point,  wher 
the  observations  were  made,  the  current  was  only  !^  knot. 

The  result  of  the  obsertation  was  a  counter  imdercurrent  of  one  kno 
at  a  depth  of  IS  fathoms.  This  makes  the  surface^urrent  muchshallowe 
than  the  other  obtiervations. 

On  the  14th  October,  though  calm  and  smooth,  the  surface-water  wa 
rushing  down  at  three  knots  an  hour ;  ohaervations  showed  an  up  under 
current  at  22  fathoms,  but  no  nearer  to  the  surface,  and  at  that  depti 
only  at  the  rate  of  a  quarter  of  a  knot,  but  the  water  is  of  the  Medit«r 
ranean  density  a  few  fathoms  higher. 

On  the  15th  of  October  the  surface-current  was  very  rapid ;  4J  knot 
was  recorded  off  I^eander's  Tower.  The  results  were  nearly  ideutien 
with  the  previous  days.     Up  current  was  obtained  in  the  deep  channel. 

The  eiperiments  at  the  north  entrance  of  the  Bosphorus  were  madi 
oft  FU  Bumu.  where  the  strait  is  contracted  by  two  opposite  polnfa,  ani 
where  no  side  eddy  exiat-s. 

On  the  23rd  of  August  the  drag  gave  in  the  deep  channel,  at  40  and  3i 
fathoms,  an  undercurrent  of  \-^  and  -^^  knot  respectively,  the  surfac 
only  running  1-^  knot. 

This,  during  all  the  observations,  seemed  to  be  the  invariable  rate  o 
the  surface-current  here,  wind  seeming  to  have  little  effect  on  it. 

Densities  changed  between  25  and  30  fathoms.  At  this  point  ala 
{26  fathoms)  was  a  curious  stratum  of  cold  water  of  54°,  the  wate 
immediately  below  being  62°,  and  that  above,  CO".  The  next  day  corrobo 
rated  this. 

On  the  17th  of  October,  undercurrent  was  again  found  at  30  fathom 
and  below,  but  not  so  strong  as  on  August  23rd.  The  two  monthi 
interval  had  made  some  difference  in  the  temperatures,  but  Uttle  or  noO' 

*  For  then  oWrrAlmns  a  wooden  dmg  vu  emplojed  nmilur  in  dnign  to  Uia 
before  deacrtbed;  it  weighed  115  Iba.  ia  »ir,  uid  required  176  'b«.  (o  sink  it. 
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in  the  specific  gnvitdeg.     The  cold  Btratum  mentioned  on  23rd,  24tb,  and 
26th  August  waa  wanting. 

BlA.CE:-S£A  TEMPKRiTUKKS. 

EndeaTOun  were  made  to  get  a  series  of  densities  and  temperatures  in 
the  Black  Sea,  in  order  to  ascertain  the  conditions  at  all  depths. 

The  steam  cutter  with  much  difficulty,  not  unattended  with  danger, 
obtained  an  offing  of  six  miles  on  the  17th  of  October. 

The  wind  was  strong  and  the  sea  high,  but  time  would  not  allow  of 
choice  of  dajv,  and  the  N.E.  wind  was  almost  permanent. 

The  results  obtained  show  a  uniform  density  of  1*012  from  tnrfaca  to 
bottom  in  a  depth  of  38  fathoms. 

Temperatures  showed  great  decrease  at  the  bottom,  and  the  cold 
stratum  ohserred  on  the  23rd,  24th,  and  26th  of  August  was  found 
here  also. 

X.  "Normal  PrimaiT'  Heptyl  Alcohol."  By  Hahrt  Grihbhaw 
and  Carl  Scroklrmhkk,  F.R.S.     Received  May  6,  187S. 

One  of  us  has  shown  that  by  oxidi^dng  the  primary  heptyl  alcohol  from 
normal  heptane  add  is  formed,  which  is  identical  with  (snanthylic  add 
from  cenantbol*.  (Enanthylic  add  is  therefore  a  normal  add  ;  and  as  by 
the  distillation  of  castorK>il  any  quantity  of  cenonthol  may  be  obtiuned,  this 
aldehyde  appears  to  be  the  best  starting-point  for  the  preparation  of  the 
hitherto  almost  unknown  normal  heptyl  compounds. 

Some  years  ago  Bouis  and  Carlet  found  that,  by  the  action  of  zinc  and 
acetic  add  on  oenanthol,  a  heptyl  acetate  is  formed,  which  yielded  a 
heptyl  alcohol  boiling  at  165*^,  If  these  statements  be  correct,  this 
alcohol  cannot  be  a  normal  compound,  for  its  boiling-point  is  only  8° 
higher  than  that  of  normal  hezyl  alcohol.  One  of  us,  on  repeating  these 
eiperimenfM,  did  not,  however,  succeed  in  obtaining  a  heptyl  alcohol,  the 
chief  product  of  the  reaction  consisting  of  high-boiling  condensation- 
products  of  cenonthol};. 

To  convert  cenanthol  into  the  alcohol  we  have  therefore  made  use  of 
the  eicellent  method  which  Lieben  and  Bossi  have  employed  so  succesB- 
fully  for  the  reduction  of  other  aldehydes. 

(Enanthol  was  shaken  with  fifty  times  its  weight  of  water,  and  sodium 
amalgam  and  an  equivalent  quantity  of  sulphuric  add  were  gradually 
added.  The  product  of  the  reaction  was  a  mixture  of  heptyl  alcohol 
and  another  very  high-boiling  liquid,  the  separation  of  which  could  be 
easily  effected  by  distillation. 

The  primary  heptyl  alcohol  thus  obtiuned  is  a  limpid,  somewhat  oOy 
Uquid,  possessing  an  aromatic  odour  and  bcnling  at  175''~177°,  if  the 

•  Fhil.Tnuia.Tol.oIzii.p.111.  t  Cwnptei  B«ndiu.^Ql.l.-?-\*a. 

t  Ann.  Ch.  Pharm.  vol.  exan.  p.  261. 
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whole  column  of  mercury  is  surrounded  by  the  vapour.    The 
boiling-point  is  a  further  proof  that  this  alcohol,  as  well  as  (Bnanthylie 
acid,  is  a  normal  compound. 

We  are  now  acquainted  with  the  complete  series  of  normal  aloohols 
up  to  octyl  alcohol.  The  following  Table  shows  that  the  boiling-points 
in  this  series  increase  very  regular  for  each  increase  of  CH,.  The  boil- 
ing-points which  are  here  given  have  been  determined,  either  by  the 
whole  column  of  the  thermometer  being  immersed  in  the  vapour,  or,  if 
this  was  not  the  case,  the  required  corrections  were  applied : — 

Table  of  Normal  AlcohoU, 


Ethyl  alcohol,  C,H,  O.. 
Propyl  alcohol,  C,  H,  O . . 
Butyl  alcohol,  C.H^^O.. 
Pentyl  alcohol,  C,  H,,  O . . 
Hexyl  alcohol,  Cg  H^^  O . . 
Heptyl  alcohol, G.IIjgO.. 
Octyl  alcohol,    C.H^.O.. 


Boiling- 

Differ- 

point 

ence. 

Obfionrer. 

78-4 

o 

Kopp. 

97-98 

19 

Different  observers. 

116-0 

18-5 

Lieben  and  Eossi. 

137-0 

21 

liieben  and  Eossi. 

157-0 

20 

Franchimont  and  Zindie. 

175-177 

19 

H.  G.  and  C.  S. 

196-197 

20 

Eenesse. 

Mean  . .  . 

.   19-6 

- 

XI.  "  On  the  Organization  of  the  Fossil  Plants  of  the  Coal-mea- 
sures.— Part  V.  AsterophyUites"  By  W.  C.  Williamson, 
F.R.S.^  Professor  of  Natural  History  in  Owens  College,  Man- 
chester.    Received  May  17,  1873. 

(Abstract.) 

On  two  occasions  the  author  directed  attention,  in  the  Proceedings  of 
the  Royal  Society  (vol.  xx.  pp.  95  &  435),  to  the  structure  of  some 
stems  which  appeared  to  him  to  belong  to  the  well-known  genus  Asien>' 
phyllites,  briefly  pointing  out  at  the  same  time  their  apparent  relations  to 
a  strobilus  of  which  he  had  previously  published  figures  and  descriptions 
(Transactions  of  the  Literary  and  Philosophical  Society  of  Manchester, 
third  series,  vol.  v.  1871)  under  the  name  of  Volkmannia  Dawsoni.  In 
the  present  memoir  he  gives  a  detailed  exposition  of  the  various  parts  of 
the  plant,  including  the  roots,  rootlets,  stems,  branches,  leaves,  and  fruit, 
in  different  stages  of  their  development.  This  is  done  chiefly  in  two 
modifications  of  the  primary  type — one  from  the  Lower  Coal-measures  of 
Oldham  in  Lancashire,  the  other  from  those  of  Burntisland.  In  its 
youngest  state,  the  Oldham  form  first  appears  as  a  mere  twig,  having  a 
central  fibro-vascular  bundle  enclosed  in  a  double  bark.  The  vascular 
bundle  consists  entirely  o£  vessels  v7\^dQi  t^^  e\^<^^'j^\i  not  wholly,  of  the 
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reticulat«d  type.  When  divided  tnuiBversel;,  it  presents  a  triangular 
sectioD,  the  triangle  having  long  narrow  arms  and  very  concave  sides. 
The  bark  ia  already  differentiated  into  two  layers,  and  has  its  exterior 
deeply  indented  by  three  lateral  grooves — one  opposite  to  each  concave 
side  of  the  vascular  triangle.  The  outer  layer  is  prosenchymatous,  with 
vertically  eloogated  cells ;  the  inner  one  consists  of  cylindrical  paren- 
chyma arranged  in  radial  lines,  the  cells  being  also  elongated  vertically. 
As  the  plant  grew,  successive  vascular  layers  were  added  eswenously  to 
the  exterior  of  the  vascular  axis.  Each  layer  coDaist«d  of  a  single  linear 
row  of  vessels,  which  were  of  large  size  opposite  the  concavities  of  the 
triangle,  and  small  where  they  approached  its  several  angles.  The  radial 
arrangement  of  those  in  the  several  growths  was  equally  r^ular ;  they 
were  disposed  in  single  radiating  series,  new  laminte  being  intercalated 
peripherally  as  the  stem  grew.  These  radiating  laminffi  were  separated 
by  small  medullary  rays.  Owing  to  tlie  fact  mentioned,  thai  the  lamin» 
radiating  from  the  concave  sides  of  the  central  triangle  consisted  of  much 
larger  vessels  than  those  radiating  from  its  anglee,  three  or  four  such 
growths  sufficed  to  convert  its  concave  sides  into  slightly  convex  ones, 
whiltit  a  few  more  such  additions  converted  the  vascular  axis  into  a 
solid  c'jlindrical  rod.  At  this  stage  its  transverse  sec^pns  appeared  de- 
finitely divided  into  six  radiating  areas — three  of  lat^  open  vessels 
radiating  from  the  sides  of  the  primary  triangle,  and  three  of  small  ones 
proceeding  from  the  sides  and  extremities  of  the  angles.  When  these 
growths  have  thus  given  a  cylindrical  form  to  the  vascular  axis,  a  change 
takes  place  in  its  further  development.  Concentric  growths  again  b^^ 
to  form,  but  in  them  all  the  vesseb  are  of  almost  equally  small  dia- 
meters :  hence  the  abrupt  termination  of  the  three  areas  of  lai^ 
vessels  in  the  younger  growths  produces  a  distinct  circular  boundary 
line,  marking  a  special  st^e  in  the  genesis  of  the  stem.  From  this 
point  the  additions  go  on  uninterruptedly,  the  vessels  of  each  radiating 
lamina  or  wedge  increasing  slowly  in  size  from  within  outwards  as  the 
stem  advances  towards  maturity.  During  these  further  developments  the 
bark  has  continued  to  be  separated  into  two  well-defined  forms.  An  inner 
layer  consists  of  very  delicate  elongated  cells  with  square  ends  (prismatic 
parenchyma) ;  these  are  seen  in  the  transverse  section  arranged  in  ra- 
diating lines  proceeding  from  within  outwards.  The  outer  bark  consists 
of  narrow,  elongated,  prosenchymatous  cells,  having  very  thick  walls ;  at 
intervals,  corresponding  with  the  spaces  between  the  successive  verticils 
of  leaves  in  the  ordinary  examples  of  AttercpHi/Uita,  we  find  distinct  nodes 
where  the  bark  expands  into  lenticular  disks.  The  vascular  axis  passes 
through  these  nodes  without  undergcung  any  visible  change,  either  in  the 
position  of  its  vascular  layers  or  in  giving  off  vessels  to  the  nodes  or  their 
appendages.  The  thin  peripheral  margin  of  each  node  sustains  a  verticil 
of  the  slender  leaves  of  AtUrvphylUte*,  of  which  there  are  about  tvtsG^- 
Biz  in  each  verticil.    The  aspect,  dimensioaa,  utdL  Ktnji^nu«i^«  c&-  ^SoRiw 
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leaves  correspond  exactly  with  what  is  seen  in  the  ordinary  specimens 
found  in  the  coal-shales.  Transverse  sections  of  them  exhibit  a  tangle 
thick  central  midrib,  but  no  traces  of  vascular  tissues  have  hitherto  bc»en 
found  in  them. 

The  lamina  of  the  vascular  axis  are  separated  by  numerous  meduDary 
rays  of  small  size ;  these  rarely  exhibit  more  than  four  or  five  oelLi  in 
any  vertical  series,  and  usually  but  one  or  two.  The  exterior  of  the 
bark  is  deeply  indented  in  each  intemode  by  three  very  deep  superficial 
grooves,  each  one  of  which  occupies  the  side  of  the  stem  corresponding 
with  a  concavity  of  the  central  triangle  of  the  vascular  axis.  These 
grooves,  which  are  sometimes  double  iustead  of  single,  extend  from  node 
to  node,  but  do  not  indent  the  nodal  disks.  Owing  to  the  great  depUi 
to  which  these  penetrate  the  bark,  they  give  a  very  characteristic  tri- 
partite aspect  to  each  transverse  section  of  these  stems. 

The  Burntisland  type  agrees  with  the  Lancashire  one  in  all  its  leading 
features  of  structure  and  growth ;  but  its  vessels  are  all  barred  instead 
of  being  reticulated,  and  the  author  has  not  met  with  such  beautiful 
examples  of  its  nodal  disks  as  he  has  done  in  the  case  of  the  other  form, 
neither  has  he  seen  its  leaves  attached.  On  the  other  hand,  he  has 
found  specimens  of  much  larger  diameter  than  any  that  have  hitherto 
been  detected  in  Lancashire,  exhibiting  the  characteristic  peculiarities 
already  referred  to  in  au  exquisitely  beautiful  manner.  The  author  has 
also  obtained  one  section  from  this  locality  in  which  a  branch  is  given 
ofP.  The  vessels  of  this  divergent  organ  are  derived  from  the  central 
portion  of  one  of  the  segments  of  small  vessels,  seen  in  the  transverse 
sections,  which  proceed  from  one  of  the  angles  of  the  central  triangle. 

Having  elucidated  the  details  of  the  aerial  stems,  the  author  proceeds 
to  examine  such  organs  of  fructification  as  appear  to  belong  to  these 
plants,  commencing  with  the  VoUcmannia  Dawsoni,  which  he  described  at 
length  in  the  Transactions  of  the  Philosophical  Society  of  Manchester  in 
1871.  This  is  a  verticillate  strobilus  with  a  central  vascular  axis,  of 
which  latter  transverse  sections  exhibit  a  close  correspondence  with  the 
triangular  bundle  of  AsteraphylUtes,  being  also  triangular,  with  concave 
sides  and  truncate  angles.  But  in  order  to  adapt  this  primary  fibro- 
vascular  bundle  to  the  requirements  of  the  fruit,  each  of  the  truncate 
angles  is  enlarged,  so  as  to  make  the  entire  section  an  almost  hexagonal  one. 
This  axis  is  surrounded,  as  in  Asterophyllites,  by  a  double  bark — an  outer 
prosenchymatous  one,  and  an  inner  one  of  more  delicate  cellular  struc- 
ture. At  each  node  this  bark  expands  into  a  lenticular  disk  fringed 
with  stiff  narrow  bracts,  which  extend  upwards  and  outwards  beyond 
the  sporangia.  The  latter  rest  upon  the  bractiferous  disks  and  the  basal 
portions  of  the  bracts,  each  verticil  being  fertile.  The  sporangia  are 
closely  packed  in  about  three  concentric  circles,  and  attached  by  sporangio- 
phores  originating  from  each  side  of  the  base  of  each  bract.  The 
Bpomngia  have  cellular  whUb*,  they  are  full  of  large  spores,   each  of 
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which  has  its  8ur£ace  prolonged  into  a  nomber  of  very  long  radiating 
spines.  This  fruit  the  author  unhesitatingly  identifies  with  the  aerial 
stems  previously  described. 

He  then  examines  various  so-called  VoUcmanniai  found  in  the  Lan- 
cashire Carboniferous  shales,  of  which  the  internal  structure  is  not  pre- 
served, but  which,  being  found  with  leaves  attached  to  them,  admit 
of  no  doubt  as  to  their  belonging  to  AsterophyUiUs.  These  are  re- 
garded as  being  identical  with  VoVcmannia  Dawsoni ;  hence  the  author 
accepts  the  latter  fruit  as  giving  the  internal  organization  of  the  ordinary 
Asterophyllitean  strobilus.  The  fruit,  which  has  been  previously  described 
by  Binney,  Carruthers,  and  Schimper,  under  the  names  of  tialamodendron 
commune^  VoVcmannia  Binneyi,  and  Calamostaehys  Binneyana,  is  then  in- 
vestigated. The  above  authors  had  associated  it  with  Cdkumites ;  but 
its  internal  structure  is  shown  to  have  nothing  in  common  with  that 
type ;  it  consists  of  alternating  verticils  of  barren  and  fertile  appendages. 
The  former  are  nodal  disks  bearing  protective  leaves ;  the  others  are 
verticils  of  sporangiophores,  usually  six  in  each  verticil,  and  which  closely 
resemble  those  of  the  recent  Equisetacesa ;  they  project  at  right  angles 
from  the  central  axis,  and  expand  at  their  outer  extremities  into  shield- 
like disks,  which  sustain  a  circle  of  sporangia  on  the  inner  surface  of 
each  shield.  The  sporangia  consist  of  a  very  peculiar  modification  of 
spiral  cells ;  they  are  filled  vdth  spores  which  have  been  described  as 
provided  with  elaters,  like  those  of  Equisetum ;  but  the  author  rejects 
this  interpretation,  regarding  the  so-called  elaters  as  merely  the  torn 
fragments  of  the  ruptured  mother  cells  in  which  the  true  spores  have 
been  developed.  The  vascular  axis  is  shown  to  be  solid,  and  without  any 
cellular  elements,  being  wholly  different  from  that  of  Calamites,  in  which 
the  vascular  axis  is  a  hollow  cylinder  containing  an  immensely  large, 
cellular,  and  fistular  pith.  In  one  fine  example  of  Calamostaehys  Binney- 
ana  the  author  has  found  the  central  fibro-vascular  bundle  surrounded  by 
an  exogenous  ring.  This,  too,  exhibits  no  resemblance  whatever  to  the 
corresponding  growths  of  Catamites ;  on  the  other  hand,  it  corresponds 
closely  with  conditions  occurring  in  some  parts  of  AsterophyUites,  with 
which  group  the  author  believes  the  fruit  to  be  related,  notwithstanding  " 
the  peculiarity  of  its  sporangia  and  sporangiophores.  The  author  is 
confirmed  in  his  conclusion  that  this  fruit  is  not  Calamitean  by  his 
having  already  described  the  structure  of  a  true  Calamitean  strobilus, 
from  an  example  in  which  the  central  axis  retains  most  accurately  the 
arrangements  of  tissues  characteristic  of  Calamitean  stems  (Manchester 
Transactions,  1870).  A  type  of  stem  to  which  the  author  had  pre 
viously  assigned  the  provisional  generic  name  of  Amyelon  is  now  shown 
to  be  the  root  or  subterranean  axis  of  AsterophyUites,  specimens  being 
described  in  which  clusters  of  rootlets  are  given  off,  in  irregular  order^ 
from  various  points  of  the  exterior  of  the  branching  roots.  The  IsB^t^/^ 
have  no  medulla ;   but  in  the  centres  o£  Bevei^  oi  >i!ti<e^TXi  V)dl4^  wq^^^ 
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finds  the  peculiar  triangular  fibro-vascular  bundle  so  characteristic  of 
AsterophyllUes ;  and  in  all  remains  of  the  same  trifid  origin  of  tlie 
vascular  layers  may  be  traced  in  the  peculiar  curvatures  assumed  by  the 
vascular  lamin»  as  they  proceed  from  within  outwards.  The  bark 
consists  of  two  layers :  the  inner  one  is  composed  of  ordinary  paien- 
chymatous  ceUs,  often  of  considerable  size ;  the  outer  one  consists  of 
irregular  piles  or  columns  of  ceUs,  disposed  perpendicularly  to  the 
sur&ce  of  the  bark,  and  with  their  tangential  septa  in  close  contact  and 
in  parallel  planes.  The  lateral  or  radial  boundaries  of  these  piles  of 
cells  are  more  strongly  defined  than  the  transverse  septa.  In  tan- 
gentialSections  of  this  outer  bark,  each  of  these  radially  disposed  columns 
of  parallel-sided  cells  appears  as  a  single  thick-walled  parenchymatous 
cell,  whose  aspect,  in  common  with  that  of  its  neighbours,  is  that  of 
ordinary  coarse  parenchyma.  Such  sections  exhibit  no  indication  of  the 
radial  elongation  of  these  cells  seen  in  radial  and  transverse  ones.  On 
reexamining  the  inner  bark,  we  discover  the  explanation  of  these  ap- 
pearances. Many  of  the  larger  and  more  peripheral  of  the  cells  of  the 
latter  are  seen  to  be  undergoing  division  by  the  development  within  their 
walls  of  secondary  cell- partitions,  which  are  parallel  with  those  of  the 
radially  disposed  columns.  It  appears  obvious  that  each  of  the  latter 
was  primarily  one  of  the  cells  of  the  inner  bark,  which  has  become  elon- 
gated radially,  and  at  the  same  time  divided  into  a  linear  series  of  com- 
pressed cells  by  the  growth  of  a  succession  of  secondary  divisions,  all  of 
which  were  more  or  less  tangential  to  the  periphery  of  the  stem. 

The  author  directs  special  attention  to  the  genetic  activity  of  this  inner 
bark  ;  the  cells  of  its  inner  surface  were  obviously  instrumental  in  pro- 
ducing the  successive  circumferential  additions  to  the  primary  vascular 
axis,  whilst  those  of  its  outer  surface  increased  the  diameter  of  the 
outer  bark  in  the  way  just  described. 

After  comparing  these  plants  with  living  forms,  the  conclusion  is 
arrived  at  that  the  nearest  parallel  to  the  structure  of  their  stems  is  to 
be  found  in  Psilotum  triqttetrum ;  whilst  their  general  affinities  are 
regarded  by  the  author  as  Lycopodiaceous  rather  than  Equisetaceous. 
The  exogenous  aspect  of  their  successive  vascular  growths  is,  if  possible, 
more  conspicuous  than  in  most  of  the  other  Carboniferous  Cryptogams. 

The  structure  of  the  stems  described  is  identical  with  that  of  those 
found  at  Autun  by  Prof.  Eenault,  and  assigned  by  him  to  SphenophyUum  ; 
thus  the  close  affinity  of  this  genus  with  Asterophyllites  appears  to  be  finally 
established.  The  Calamites  veriidUaius  of  authors  is  probably  the  arbo- 
rescent stem  of  one  of  these  plants. 
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Xn.  "  On  a  tendency  obseired  in  Sun-spots  to  cliange  altematdy 
irom  the  one  Solar  Hemispliere  to  the  other."  By  Wassem 
De  LAB,UE,D.C.L.,F.K.S.,BALrouB  Stewa&t,  LL.B.,P.B.S., 
and  Benjamin  Loewy,  F.R.A.S.     Received  Jane  12,  1878. 

1.  Hitherto  in  our  reductions  we  have  summed  up  &b  spotted  areas 
of  the  various  groups  occurring  on  the  sun's  surboe  oa  aaj  day,  and 
have  regarded  their  sum  as  a  representation  of  the  spot-activity  for  that 
day.  It  has  occurred  to  us  to  gee  what  result  we  should  obtain  by 
taking  instead  for  each  day  the  excess  of  the  spotted  ana  in  the  one 
solar  hemisphere  above  that  in  the  other. 

2.  On  adopting  this  method,  it  soon  became  evident  that  during  periods 
of  great  disturbance  there  is  a  tendency  in  spots  to  change  alternately 
from  the  north  or  positive  to  the  south  or  negative  hemisphere,  and 
via  vend,  the  period  of  such  change  being  about  2S  days.  When,  on 
the  other  hand,  the  aolar  disturbance  is  inconsideiable,  the  spots  do  not 
present  ajiy  such  aystematic  oscillation. 

3.  We  have  graphically  represented  on  the  annexed  diagram  the 
resulta  derived  from  this  method  daring  three  of  the  most  considerable 
periods  of  eolsr  disturbance. 

In  this  diagram  the  observed  values  of  hemispherical  exceaa  are  marked 
with  an  asterisk,  and  a  curve  is  drawn  so  as  to  equalise  their  smaller 
irregiilaritieB.  The  northern  hemisphere  is  reckoned  positive,  and  the 
southern  negative.  The  unit  of  area  is,  as  before,  the  one  millionth  of 
the  Huu's  visible  hemisphere. 

4.  The  first  of  these  three  periods  extends  from  the  beginning  of 
August  to  the  end  of  December  1859.  We  derive  from  our  diagram  the 
following  Table.eihibitiug  the  maximum  amounts  of  hemispherical  excess, 
with  their  respective  dates  ; — 

Hemispherical  motm 
Date.  North.  Booth. 

1859,  July  31  +4180 

Aug.  18  (+     40) 

Aug.  27  +2580 

Sept.  11  -2920, 

Sept.  17  +  920 

Oct.     3  -1420 

Oct.   18  +1000 

Nov.    3  -2480 

Nov.  15  +  120 

Nov.  20  —1320 

Dec.    7  +1050 

Dec.  22  — l-WSft 
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Hemispherical  excess. 
Date.  North.  South. 

1860,  July    1   +4900 

July  22  —  600 

July  30  +2040 

Aug.  9   —2400 

Aug.  21   +  400 

Sept.  6  -1400 

Sept.l6  +  400 

Oct.    1   -1180 

Oct.    9    +800 

Oct.  19  —2560 

Oct.  31   (-  380) 

Prom  these  we  derive,  by  taking  the  differences  in  dates  of  the  posi- 
tive extremes, 

29  days,  22  days,  26  days.  23  days,  22  days.     Mean,  24-4  days ; 
while  doing  the  same  with  the  negative  extremes,  we  obtain 

18  days,  27  days,  26  days,  18  days.     Mean,  22-25  days. 

6.  The  third  of  these  three  periods  extends  from  the  beginning  of 
May  to  the  end  of  August  1862.  Treating  this  in  the  same  manner,  we 
obtain  : — 

Hemispherical  excess. 
Date.  North.  South. 

1862,  May    9   +  600 

May  22   —1160 

June  3  +2960 

June  15   —2600 

June29 +1880 

July  16   —  800 

July  26   +2400 

Aug.  14 —  200 

Aug.  23   +  460 

Taking,  as  before,  the  distances  between  the  positive  extremes,  we 
obtain 

25  days,  26  days,  27  days,  28  days.     Mean,  26-5  days  ; 

while  from  the  negative  extremes  we  obtain 

24  days,  31  days,  29  days.     Mean,  28*0  days. 

From  the  whole  three  periods  we  obtain,  as  the  most  probable  mean 
value,  25-2  days. 

7.  We  do  not  profess  to  have  discovered  the  cause  of  these  oscillations, 
but  we  would  nevertheless  suggest  that  the  observational  facts  here 
brought  to  light  may  perhaps  be  connected  with  two  other  observational 
facts,  the  one  of  which  was  first  brought  to  light  by  Carrington,  and  the 
other  by  ourselves. 
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The  first  of  these  is  the  fact  that,  generally  speaking,  spots  in  the  north 
hemisphere  have  much  about  the  same  latitude  as  those  occurring  at  the 
same,  or  nearly  the  same,  period  in  the  south,  both  sets  widening  or  con- 
tracting together.  We  may  perhaps,  therefore,  suppose,  by  applying  this 
law,  that  the  latitude  of  the  spots  which  cause  the  positiye  extremes  in 
the  above  series  is  not  greatly  different  from  that  of  those  which  cause 
the  corresponding  negative  extremes. 

The  second  observational  law  is  that  which  tells  us  that  spots  about  the 
same  period  have  a  tendency  to  attain  their  maximum  at,  or  near,  the  same 
ecliptical  longitude.  Now,  if  we  suppose  that  in  the  foregoing  three 
series  the  greatest  positive  extremes  were  caused  by  the  positive  spots 
attaining  their  greatest  size,  and  the  greatest  negative  extremes  by  the 
negative  spots  attaining  their  greatest  size,  it  would  follow  that  the  two 
sets,  positive  and  negative,  must  have  taken  their  rise  at  places  on  the 
sun's  surface  180^  of  longitude  different  from  each  other,  inasmuch  as 
the  one  set  about  12  or  13  days  before,  or  after,  passed  (let  us  say)  the 
same  ecliptical  longitude  as  the  other. 

But  if  the  positive  set  have  the  same  latitude  as  the  negative,  and  if 
the  one  is  180^  of  solar  longitude  different  from  the  other,  it  would 
mean  that  tTie  two  outbreaks  are  at  opposite  ends  of  the  same  solar  diameter. 

This  conclusion  is  an  interestmg  one  ;  but,  of  course,  it  requires  to  be 
verified  by  further  observation  before  it  be  finally  received.  Meanwhile 
we  are  engaged  in  mapping  out  systematically  the  positions  of  the 
various  outbreaks  upon  the  sun's  surface,  and  we  shall  soon,  therefore, 
be  able  to  find  whether  or  not  there  be  any  truth  in  this  conjecture. 

XIII.  '^  On  the  Structure  and  Development  of  the  Skull  in  the 

Pig  {Sua  scrofa)."    By  W.  K.  Parker,   F.E.S.     Received 

May  17,  1873. 

(Abstract.) 

I  have  for  some  years  past  determined  to  concentrate  my  attention  on 
some  one  type  of  Mammalian  Skull,  so  as  to  be  able  to  present  to  the 
Royal  Society  a  paper  similar  to  those  which  have  already  appeared  on 
other  Vertebrate  Skulls.  I  was  led  to  work  out  this  meditm  type,  and  not 
a  more  generalized  form,  such  as  the  Guineapig  (see  "  On  the  Development 
of  the  Frog's  Skull,"  Phil.  Trans.  1871,  p.  203),  through  the  circumstance  of 
an  offer  from  my  friend  Mr.  Charles  Stewart  to  put  some  seventy  embryos  of 
the  Common  Pig  into  my  possession.  In  the  present  communication  I  have 
had  the  invaluable  help  of  advice  and  oversight  from  Professor  Huxley; 
whilst  the  labour  of  my  hands  has  been  lightened  by  my  son,  Mr.  T. 
J.  Parker,  who  prepared  for  me  all  the  more  delicate  sections.  The 
embryos  ranged  in  size  from  two  thirds,  or  less,  of  an  inch  in  length, 
vrith  the  head  only  equal  in  size  to  a  sweet  pea,  whilst  the  head  of  the 
largest  specimen  was  the  size  of  that  of  the  Common  Squirrel.    To  these 
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I  have  added  young  pigs  at  birth,  and  haye  taken  as  the  last  stage  the 
skull  of  a  half-grown  individual. 

The  most  important  results  of  the  present  investigation  may  be  stated 
as  follows : — 

1.  In  a  pig-embryo,  in  which  the  length  of  the  body  did  not  exceed 
two  thirds  of  an  inch,  and  four  postoral  clefts  were  present,  the  cranio- 
facial skeleton  was  found  to  consist  of : — (a)  the  notochord,  terminating 
by  a  rounded  end  immediately  behind  the  pituitary  body. 

{h)  On  each  side  of  the  notochord,  but  below  it,  there  is  a  cartilaginous 
plate,  which  in  front  ends  by  a  rounded  extremity  on  a  level  with  the 
apex  of  the  notochord,  while  behind  it  widens  out  and  ends  at  the  free 
lower  margin  of  the  occipital  foramen.  These  two  plates,  taken  together, 
constitute  the  "  investing  mass  "  of  Eathke.  In  this  stage  they  send  up 
no  prolongations  around  the  occipital  foramen;  in  other  words,  the 
rudiment  of  the  basioccipital  exists,  but  not  of  the  exocdpital  or  super- 
occipital. 

{c)  The  large  oval  auditory  capsules  lie  on  each  side  of  the  anterior 
half  of  the  investing  mass,  with  which  they  are  but  imperfectly  united : 
there  is  no  indication  of  the  stapes  at  this  stage. 

{d)  The  trabecular  or  first  pair  of  prseoral  visceral  arches  inclose  a 
lyre-shaped  pituitary  space ;  they  are  closely  applied  together  in  front  of 
this  space,  and,  coalescing,  give  rise  to  an  azygous  prsBuasal  rostrum. 
They  are  distinct  from  one  another  and  the  investing  mass. 

(e)  The  pterygo-palatine  or  sedbnd  pair  of  visceral  arches  lie  in  the 
maxillo- palatine  processes,  and  are  therefore  subocular  in  position. 
Each  is  a  sigmoid  bar  of  nascent  cartilage,  the  Incurved  anterior  end 
of  which  lies  behind  the  internal  nasal  aperture,  while  the  posterior 
extremity  is  curved  outwards  about  the  level  of  the  angle  of  the  mouth. 
The  pte'rygo-palatine  cartilages  are  perfectly  free  and  distinct  from  the  first 
praeoral  and  from  the  first  postoral  arch. 

(/)  The  mandibular  or  first  pair  of  postoral  visceral  arches  are  stout 
continuous  rods  of  cartilage  wldch  He  in  the  first  visceral  arch  behind 
the  mouth.  The  ventral  or  distal  ends  of  these  arches  are  not  yet  in 
contact ;  the  dorsal  or  proximal  end  of  each  is  somewhat  pointed  and 
sharply  incurved,  pushing  inwards  the  membrane  which  closes  the  first 
visceral  cleft  and  is  the  rudiment  of  the  membrana  tympani. 

(//)  The  hyoid  or  second  pair  of  postoral  arches  are  in  this  stage 
extremely  similar  to  the  first  pair,  with  which  they  are  paraUel.  They 
are  stout  sigmoid  rods  of  cartilage,  which  are  separated  at  their  distal 
ends,  present  an  incurved  process  at  their  opposite  extremities,  and  are 
not  segmented. 

(A)  The  thyro-hyal  or  third  postoral  arches,  which  correspond  with 
the  first  branchial  of  the  branchiate  vertebrata,  are  represented  by  two 
short  cartilaginous  rods  which  lie  on  each  side  of  the  larynx. 

(t)   The  olfactory  sacs  are  surrounded  by  a  cartilaginous  capsule^  ^\as^ 
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has  coalesced  below  with  the  trabecula  of  its  side ;  while,  within,  the 
mucous  membrane  lining  the  capsule  presents  eleyations  which  indicate 
the  position  of  the  future  turbinal  outgrowth  of  the  capsule. 

In  this  stage  the  posterior  nares  are  situated  at  the  anterior  part  of 
the  oral  cayiiy,  as  in  the  Amphibia,  and  the  roof  of  the  mouth  is  formed  by 
the  floor  of  the  skull,  the  palatal  plate  of  the  maxillsB  and  palatine  bones 
being  foreshadowed  by  mere  folds.  The  outer  end  of  the  deft  between 
the  first  and  second  prsDoral  arches  is  the  rudiment  of  the  lachrymal  duct, 
while  its  inner  end  is  the  hinder  nasal  aperture.  The  gape  of  the 
mouth  is  the  deft  between  the  second  prsDoral  and  first  postoral  arch. 
The  auditory  passage,  representing  the  Eustachian  tube,  tympanum,  and 
external  auditory  meatus,  is  the  cleft  between  the  first  and  second  post- 
oral  arches.  The  proximal  end  of  the  mandibular  arch,  therefore,  lies 
in  the  front  wall,  and  the  hyoid  in  the  hinder  wall  of  the  auditory 
passage. 

2.  In  an  embryo  pig,  an  inch  in  length,  (a)  the  notochord  is  still 
visible ;  (h)  the  investing  mass,  the  halves  of  which  are  completely  con- 
fluent, has  become  thoroughly  chondrified,  and  is  continued  upwards  at 
each  side  of  the  ocdpital  foramen  to  form  an  arch  over  it. 

(c)  The  auditory  capsules  are  still  distinct  from  the  investing  mass, 
and  a  plug  on  the  outer  cartilaginous  wall  of  each  has  become  marked 
off  as  the  stapes. 

(d)  The  hinder  ends  of  the  trabecular  arches  have  coalesced  in  front 
of  the  pituitary  body,  but  they  are  not  yet  confluent  with  the  investing 
mass. 

(e)  The  pterygo-palatine  rods  have  increased  in  size ;  they  have  not 
become  hyaline  cartilage,  but  are  beginning  to  ossify  in  their  centre. 

(/)  In  the  mandibular  arch  the  proximal  end  has  become  somewhat 
bulbous,  and  is  recognizable  as  the  head  of  the  malleus,  whilst  the 
incurved  process,  still  more  prominent  than  before,  is  the  manubrium 
mallei.  The  rest  of  the  arch  is  Meckel's  cartilage ;  outside  this  a  mass 
of  tissue  appears,  which  is  converted  into  cartilage,  rapidly  ossifies,  and 
eventually  becomes  the  ramus  of  the  mandible. 

(g)  The  proximal  end  of  the  hyoidean  arch,  similarly  enlarging  and 
articulating  with  the  corresponding  part  of  the  mandibular  arch,  becomes 
the  incus,  the  incurved  process  attaching  itself  to  the  outer  surface  of 
the  stapes  and  becoming  the  long  process  of  the  incus.  The  incus,  thus 
formed  out  of  the  proximal  end  of  the  hyoidean  arch,  becomes  separated 
from  the  rest  of  the  arch  by  conversion  of  part  of  the  arch  into  fibrous 
tissue,  and  by  the  moving  downwards  and  backwards  of  the  proper  hyoid 
portion  of  the  arch.  A  nodule  of  cartilage  left  in  the  fibrous  connecting 
band  becomes  a  styliform  interhyal  cartilage,  while  the  proximal  end  of 
the  detached  arch  becomes  the  stylo-hyal. 

(JC)  The  ihyro^hyals  have  merely  increased  in  size  and  density ;  they 
closely  embrace  the  larynx  by  their  upper  ends. 
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{%)  The  olfactory  capsules  are  well  chondrified ;  their  descending  inner 
edges  have  coalesced  with  each  other  and,  below,  with  the  trabecnlse  to 
form  the  great  median  septum :  the  turbinal  oui^;rowths  are  apparent. 

In  this  stage,  the  alisphenoids  and  orbito-sphenoids  appear  as  chon- 
drifications  of  the  walls  of  the  skull,  quite  separate  from  the  investing 
mass  and  from  the  trabeculse. 

The  floor  of  the  pituitary  space  chondrifles  independently  of  the 
trabecule  and  investing  mass,  but  serves  to  unite  these  four  cartilaginous 
tracts. 

3.  In  an  embryo  pig,  1^  inch  in  length,  (a,  6,  c)  the  primordial  cranium 
is  completely  constituted  as  a  cartilaginous  whole,  formed  by  the 
coalest^ince  of  the  investing  mass  and  its  exoccipital  and  superoccipital 
prolongations,  the  modified  trabecules,  the  subpituitary  cartilage,  the 
auditory  capsules,  and  alisphenoidal  and  orbito-sphenoidal  cartilages,  and 
the  olfactory  capsules.  The  notochord  is  yet  to  be  seen  extending  in  the 
middle  line  from  the  hinder  wall  of  the  pituitary  fossa  (now  the  ''  dorsum 
sellce  ^)  to  the  posterior  edge  of  the  occipital  regiour 

{d)  The  trabecular  arches  form  the  sides  of  the  sella  turcica,  the 
presphenoid,  and  the  base  of  the  septum  between  the  olfactory  capsules  ; 
in  front,  where  they  form  the  azygous  "  pnenasal,"  they  are  developed 
backwards  as  '*  recurrent  bands,"  elongations  of  their  free  recurved 
"  comua." 

(e)  The  pterygo-palatine  arches,  still  increasing  in  size,  but  not 
chondrifying,  are  rapidly  ossifying;  they  are  half-coiled  laminsd  bounding 
the  posterior  nasal  passages. 

(/)  The  mandibular  arch  and  the  rudimental  ramus  have  become 
solid  cartilage,  and  the  latter  is  ossifying  as  the  dentary ;  the  distal  part 
of  each  mandibular  rod  unites  with  its  fellow  for  some  distance. 

(g)  The  hyoid  arches  are  each  fully  segmented  as  incus,  with  its 
"  orbicular  "  head,  interhyal,  stylo-hyal,  and  cerato-hyal. 

Qi)  The  thyro-hyals  are  merely  W ger  and  denser. 

(t)  The  olfactory  capsules  have  the  turbinal  outgrowths  all  marked  out 
as  alinasal,  nasal,  and  upper,  middle,  and  lower  turbinals. 

4.  In  pigs  of  larger  size  the  form  and  proportions  of  the  parts  of  the 
cranium  become  greatly  altered,  and  ossification  takes  place  on  an 
extensive  scale,  but  no  new  structure  is  added. 

5.  It  follows  from  these  facts  that  the  mammalian  skull,  in  an  early 
embryonic  condition,  is  strictly  comparable  with  that  of  an  Osseous  Fish,  a 
Frog,  or  a  Bird  at  a  like  period  of  development,  consisting  as  it  does  of 

(a)  A  cartilaginous  basicranial  plate  embracing  the  notochord,  and, 
like  it,  stopping  behind  the  pituitary  body. 

(6)  Paired  cartilaginous  arches,  of  which  two  are  pneoral,  while  the 
rest  are  postoral. 

(c)  A  pair  of  cartilaginous  auditory  capsules. 

{d)  A  pair  of  cartilaginous  nasal  capusles. 

VOL.  XXI.  ^  TL. 


iiiojetK's  of  ihi)  skull  thus  rt-sultiii<j;  i 
(liflVnMit  morphological  oh'UUMits  1h'c< 
primonlial  craniuiu. 

As  in  the  vSiiJiuon  and  Fowl,  the  se 
rise  to  the  pterygo-palatine  apparatus 
appearance,  and  is  never  distinct  from  t 
serving  as  a  conjugational  band  betw 
which  in  the  Salmon  becomes  convei 
OS  articnlare,  the  os  quadratum,  and  the  < 
into  Meckel's  cartilage  and  the  quadra 
confluent  with  the  periotic  capsule),  in 
tiie  00  aiticalare,  and  the  os  quadratum 
tiie  periotic  capsnle),  in  the  Pig  is  metan 
and  tlie  maDens,  which  is  loosely  connc 
an  outgrowth  of  the  periotic  capsule. 

Medcel's  cartilage  persists  in  the  Fish  . 
pears  earlj  in  the  Bird,  and  still  earlier  ii 
oesificafcions  of  the  mandible  are  all  mem 
Fowl,  but  in  the  Mammal  (exceptioDallj^ 
foundation.  The  hjoidean  becomes  clos 
ardi,  and  tihen  segmented,  in  the  Fish 
stylo-hyaly  cerato-hyal,  and  hjpohyal — tl 
augment,  articulating  with  the  outer  V9 
of  tlie  segments  of  the  arch  becoming  disl 

In  the  Frogy  the  hjoid  also  becomes 
tensive  coalescence  with  the  mandibular 
becomes   the   suprastapedial   (hvo-mAnf^ 
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(suprastapedial),  and  the  part  looselj  attached  to  the  mandibular  arch 
is  the  elongated  extrastapedial.  The  short  stjlo-hjal  afterwards 
coalesces  with  the  body  of  the  upper  or  incudal  segment  by  an  after- 
growth of  cartilage  (the  interhyal  tract) ;  a  long  membranous  space 
intervenes  between  it  and  the  glossal  piece  (cerato-hyal.)  Thus  the 
"  columella "  of  the  Bird  is  formed  of  one  periotic  and  three  hyoideau 
segments. 

In  the  Pig,  the  hyoidean  arch  is  distinct,  but  articulates  closely  with  the 
mandibular ;  its  upper  segment  (hyo-mandibular)  is  converted  into  the 
incus,  and  becomes  connected  with  the  stapes.  The  stylo-hyal  is  dislocated 
and  coalesces  with  the  opisthotic  region  of  the  auditory  capsule. 

XIV.  ^^  Results  of  the  Comparisons  of  the  Standards  of  Length  of 
England,  Austria,  Spain,  United  States,  Cape  of  Good  Hope, 
and  of  a  second  Russian  Standard,  made  at  the  Ordnance 
Survey  Office,  Southampton."  By  Lieutenant-Colonel  A.  R. 
Clarke,  C.B.,  R.E.,  P.R.S.,  &c.,  under  the  direction  of 
Major-General  Sir  Henry  James,  R.E.,  F.R.S.,  &c.,  Director- 
General  of  the  Ordnance  Survey.  With  a  Preface  and  Notes 
on  the  Greek  and  Egyptian  Measures  of  Length  by  Sir 
Henry  James.     Received  May  21,  1873. 

(Abstract.) 

The  following  account  of  the  results  of  the  Comparisons  of  the 
Standards  of  Length  of  England,  Austria,  Spain,  United  States,  Cape  of 
Good  Hope,  and  of  a  second  Russian  Standard  at  the  Ordnance  Survey 
OiRce  has  been  drawn  up  by  Lieutenant-Colonel  Clarke,  and  is  a  sequel 
to  the  abstract  of  the  results  of  the  Compmsons  of  the  Standards  of 
Length  of  England,  France,  Belgium,  Prussia,  Russia,  India,  and 
Australia  which  the  Royal  Society  has  done  us  the  honour  to  publish 
in  the  Philosophical  Transactions  for  1867,  vol.  clvii.  p.  161. 

The  accurate  determination  of  the  lengths  of  the  various  standards 
employed  by  so  many  nations  in  the  measure  of  the  bases  of  their 
triangulations,  which  are  now  being  united  into  one  vast  network  of 
triangles,  covering  the  whole  of  Europe,  can  scarcely  fail  to  be  of  great 
importance  for  the  advancement  of  physical  science.  To  the  comparison 
of  these  lengths  I  have  added  the  result  of  our  endeavours  to  recover 
the  correct  lengths  of  the  most  ancient  measures  of  length  with  which 
we  are  acquainted,  viz.  those  of  Ancient  Egypt,  not  only  because  our 
own  measures  are  obviously  derived  from  them,  but  also  because  we 
thus  obtain  the  accurate  relative  value  of  the  measures  and  distances 
given  in  the  most  ancient  works  on  Astronomy  and  Geodesy  which  have 
come  down  to  us. 

The  Ancient  Egyptians  employed  two  measures  of  length,  viz,  thft 
common  and  the  royal  cubits. 


ryniniid,  that  oF  Kini^  Cheops,  \iz.  tlio^- 
tuid  Mr.  I.n«^lis,  a  civil  (Mi<;iii('(T,  ^i\e  a 
r)0()  cuhits   of    IS-LMO    inches    for  the  s 
Egyptian  feet,  each  Egyptian  foot  being 

3rd.  The  Second  Pyramid,  accordin 
Howard  Yjse  and  Mr.  Perring,  has  a 
700  X 1-011  feet. 

4fch.  The  Third  Pyramid  has  a  base,  ac 
354*5  feety  or  350  ^yptian  feet  square. 

We  may  therefore  confidentlj  assume 
length  both  of  the  ancient  Greek  and  the 
and  that  the  length  of  the  common  Egypti 

We  hare  in  the  British  Museum  a  d 
rains  of  the  Temple  of  Karnak  in  Egypt : 
41*40  indies,  and  that  of  the  single  cubit 
1-725  foot. 

The  pyramid  which  stands  in  the  mi« 
Great  Pyramid  (that  of  the  daughter  c 
aooording  to  Yyse  and  Perring,  of  172*. 
100  royal  cubits  square  exactly. 

Bat  the  same  authors  give  the  breadths 
passages  in  the  pyramids,  including  the  en 
and  Third  Pyramids,  all  of  41-5  inches  (tw 

Doorsthery  ^m  the  measures  of  the  ni 
three  or  four  cubits  found  in  the  ruine 
emotly  correspond  with  each  other,  estin 
caUt  at  20-721  inches  (see  Cond#^  *  n;^*^--- 


*M 
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XV.  "  Researches  on  Emeralds  and  Beryls. — Part  I.  On  the 
Colouring-matter  of  the  Emerald."  By  Greville  Williams, 
F.R.S.     Received  May  9,  1878. 

A  considerable  amount  of  discussion  has  taken  place  at  various  times 
regarding  the  cause  of  the  colour  of  the  emerald.  Klaproth  concluded 
from  his  earlier  analyses  that  it  was  due  to  iron*;  but  the  results  of  his 
later  experiments  t,  made  after  he  became  aware  of  Vauquelin's  discovery 
of  the  presence  of  chromium  in  emeralds  j:,  confirmed  the  observations  of 
that  chemist. 

From  the  time  of  Yauquelin's  analyses,  the  colour  of  the  emerald  was 
always  regarded  as  due  to  the  presence  of  oxide  of  chromium,  until  the 
publication  of  the  memoir  of  Lewy§,  who,  having  burnt  emeralds  in 
oxygen  in  a  similar  apparatus  to  that  employed  by  M.  Dumas  in  his  re- 
searches on  the  atomic  weight  of  carbon,  ascertained  that  they  contained 
that  element,  and  concluded  that  the  colour  was  due  to  the  presence  of 
some  organic  substance.  Lewy  also  affirmed  that  the  deepest-tinted 
emeralds  contained  the  most  carbon.  The  small  quantity  of  chromium 
contained  in  emeralds  he  considered  to  be  insufficient  to  account  for 
the  colour.  Wohler  and  Eose||,  on  the  other  hand,  having  exposed 
emeralds  to  a  temperature  equal  to  the  fusing-point  of  copper  for  one 
hour  without  their  losing  colour,  and  also  having  fused  colourless  glass 
with  minute  quantities  of  oxide  of  chromium  and  obtained  a  fine  green 
glass,  considered  chromium  and  not  organic  matter  to  be  the  cause  of  the 
colour. 

Boussingault  ^,  in  the  course  of  an  investigation  of  the  "  morallons  '***, 
arrived  at  the  same  conclusion  as  Wohler  and  Rose ;  and  although  ad- 
mitting them  to  contain  carbon,  denied  that  it  was  the  cause  of  their 
colour,  inasmuch  as  they  endured  heating  to  redness  for  one  hour  with- 
out loss  of  colour.  This  result  has  been  confirmed  by  Hofmeister  tt,  who 
found  that  an  emerald  endured  a  red  heat  for  hours  without  destruction 
of  the  colour,  except  at  the  edges,  and  concludes  this  small  bleaching  to 
arise  from  the  destruction  of  the  crystalline  character  of  the  stone.  I  have 
carefully  repeated  and  extended  these  experiments.  The  emeralds  em- 
ployed were  canutillos  from  Santa  Fe  de  Bogota ;  they  were  kindly  given 
to  me  by  Professor  Church.  The  following  values  were  obtained  in  a 
determination  of  their  specific  gravity  : — 

•  Klaproth,  Chem.  Essajs,  vol.  i.  p.  325  (London,  1801). 

t  Klaproth,  l^>c.  cit.  vol.  ii.  p.  172  et  seq.  (1804). 

t  Vauquelin,  Ann.  de  Chim.  vol.  xxvi.  [1]  p.  262  (1708). 

§  Comptes  Bend  us,  vol.  xlv.  p.  877  (1857). 

II  Chem.  News,  vol.  x.  p.  22. 

^  Comptes  RenduB,  vol.  Ixix.  p.  1249  (1869). 

**  The  emeralds  from  the  mines  of  New  Granada  are  divided,  aooording  to  BousBin- 
gault,  into  classes,  two  of  the  most  important  being  the  **  canutilloe/*  or  finely  cryatal- 
lized,  and  the  *'  morallons,"  or  amorphous  emeralds. 

ft  Joum.  fiir  prakt.  Chem.  vol.  Ixxvi.  p.  1  (1859). 


\V  is  (lip  «eif;Iit.  it 
"\V'lli<-wei{;hl  hi  v 
pt  Iho  s|Hi.iiir  gra 
t  the  tfinjH'ratiir 
I)    tliu  sppi'itif  gra 

One  ot  the  above  emeralds  wns  eipo 
crucible  to  a  bright  reddish-vellon'  heat 
was  rendered  opaque  on  Ihe  edges,  Imt  (1 
This  eiperimeiit  eompletely  ooufimiB  th 
meister.  It  is,  I  think,  quite  evident 
could  withstand  such  a  tempemtun;  foi 
ment  by  Lewy  that  the  depth  of  colou' 
the  amount  of  earbon  present,  made  it 
colourleaa  opaque  beryla  would  contain 
ot  the  colouring-Tnatter  to  resiHt  a  red  }■ 
clined  to  disconnect  the  question  of  tlie 
carbon,  I  made  experiments  to  detcrmi 
element,  and,  if  so,  to  what  amount. 
stage  of  the  inquiry  (see  p.  414),  the  rca 
fcnalyied*  contained  tlie  same  amount  of 
waa  juat  poasiblc  that  the  Mnnll  incri>aac 
by  Lewy,  Bousaingault,  and  myself,  in  c 
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tube  containing  lime-water;  this  form  of  potash-tnbe  was  employed  in 
this  and  the  other  experiments  to  be  described  farther  on,  as  it  enables 
the  operator  to  see  whether  the  carbonic  anhydride  is  all  absorbed  in  the 
first  bulb.  The  carefully  purified  oxygen  was  Allowed  to  stream  Ijirough 
the  lime-water  for  half  an  hour  to  prove  its  freedom  from  carbonic  an- 
hydride. At  the  end  of  that  time  there  was  no  trace  of  turbidity.  The 
beryl  was  then  heated  to  redni^s,  and  in  a  few  seconds  the  lime-water  in 
the  first  bulb  of  the  potash-apparatus  became  milky.  Thus  not  only 
proving  the  presence  of  carbon  in  a  colourless  beryl,  but,  tak^i  in  con* 
junction  with  the  quantitatire  determinations,  showing  condusively  that 
the  depth  of  colour  is  not,  in  this  class  of  stones,  in  the  ratio  of  the 
amount  of  carbon  present. 

But  although  demonstration  had  been  obtained  of  \he  presence  of 
carbon  in  the  beryl  A,  it  was  still  possible  that  it  might  have  been 
derived  from  the  decomposition  of  a  carbonate.  To  settle  this  questir.n, 
I  arranged  an  apparatus  in  the  following  manner : — 

A  current  of  air  from  a  gas-holder  was  sent  in  the  direction  indicated 
by  the  arrow  (see  p.  413) ;  it  passed  through  a  solution  of  potassium  hydrate 
in  A  and  B.  The  three-necked  bottle  C  contained  lime-water,  freshly  pre- 
pared and  perfectly  clear.  The  current  of  air  then  passed  into  the  three- 
necked  flask  D,  containing  3  grms.  of  beryl  A,  finely  levigated  in  an 
agate  mortar,  and  covered  to  about .  one  inch  with  pure  distilled  water. 
The  flask  E  was  empty,  and  served  to  arrest  any  thii^  which  might  have 
spirted  over.  The  potash-apparatus  E  was  filled  to  the  height  indicated 
with  lime-vrater.  The  pipette  G-  contained  concentrated  sulphuric  acid. 
The  arrangement  being  complete,  a  current  of  air  was  sent  through  ior 
half  an  hour ;  not  the  slightest  turbidity  was  found  in  G  or  P ;.  the  air 
was  consequently  free  from  carbonic  anhydride.  Its  freedom  from  any 
other  substance  containing  carbon  had  been  previously  determined  by 
sending  it  mixed  with  oxygen,  first  into  a  red-hot  combustion-tube,  and 
then  into  a  previously  weighed  potash-apparatus.  After  passage  of  the 
gas  for  half  an  hour,  the  potash-apparatus  was  reweighed  and  found  to 
be  absolutely  unaltered.  The  purity  of  the  air  employed  having  thus 
been  rigorously  ascertained,  the  stopcock  of  the  pipette  G-  was  turned, 
and  sulphuric  acid  admitted  into  D  until  the  water  in  the  latter  had 
become  very  hot ;  still  no  turbidity  was  observed  in  F.  The  fluid  in  D 
was  then  boiled  with  the  same  result.  It  was  evident,  therefore,  that 
the  carbon  found  in  the  beryl  was  not  derived  from  the  decomposition  of 
a  carbonate.  The  stopper  at  H  was  then  removed,  and  about  4  grms.  of 
pure  recently  fused  acid  chromate  of  potassium  were  added ;  there  was 
still  no  turbidity  observed  in  F  for  twenty  minutes,  during  all  which  time 
the  fluid  in  D  was  gently  boiled.  At  the  end  of  this  time  a  cloudiness 
began  to  appear  in  the  first  bulb  of  F,  and  after  half  an  hour  in  the 
second  bulb :  finally,  a  decided  precipitate  vras  obtained ;  it  was  collected, 
washed,  and  on  analysis  proved  to  be  carbonate  of  calcium.    The  •  ex^^ 
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['■ated  in  ft  modified  manupr  Beveml  tiine§.  It  haring 
a  faint  turbidity  iu  the  lime-water  was  sonjetimes  ob- 
I-.  addition  of  the  hery!,  it  was  traced  to  the  preseni*  of 
s  of  organic  matter  in  the  chromate  and  suiphuric  arid. 
i  aourt-e  of  error,  the  cIironiat«  and  acid  were  mixed  st 
li-nt  of  the  operation,  and  the  current  of  air  was  kept  up 
e  of  carbonic  anhydride  was  removed ;  at  thia  point  the 
I,  and  the  efft*t  noted.  The  rcBidts,  both  with  emeralds 
vcre,  however,  always  precisely  the  same. 
i  wflfl  then  ret-harged,  and  when  half  an  hour's  passage  of 
!  no  milkiness  in  F,  .5  milligrammes  of  charcoal  were  in- 
:  in  two  ininutes  the  first  bulb,  and  in  fourminut^'a  nl]  the 
[If red  milky. 

■iperiment,  after  the  usual  precautions,  5  milligrsmmes 
*  nct<.'d  OH.     In  four  minutfls  the  first  bulb,  and  in  eight  ■ 
Iv  bulbs  were  rendered  milky. 

I'xperiraents  show,  therefore,  that  the  beryl  A  contains 
Iho  Btat«  of  a  carbonate,  but  in  a  condition  which  is  more 
I  than  either  free  charcoal  or  graphite  ;  and  it  is,  I  think. 
of  diamond,  as  has  been  shown  to  occur  with  the 
.-atallized  boron*.     The  power  of  free 
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the  carbon  determination,  but  a  correction  had  to  be  applied  to  the 
hydrogen.  The  necessity  for  minute  precaution  will  be  evident  when  it 
is  considered  that  1  grm.  of  beryl  A,  or  emerald,  only  yielded  3  milli- 
grammes of  carboidc  anhydride. 

Estimatum  of  Carbon  and  Hydrogen  in  Penman  Emerald  aind  Beryl  A. 

I.  0-9725  grm.  beryl  A  gare  O0090  oiubonio  aDbydride  tnd  00131  water, 
n.  1-0082     „        „         „    00031        „  „  0O174 

m.  1*1690     „    emerald  „    0O030       „  „  0O140 


*» 


or,  per  cent.: — 

Beryl  A.  Lewy's 

^ — —^ V  Bmerald.   Bmerald 

I.  IL  (mean). 

Carbonio  anfaydride  0*31  0-31  0^  0*28 

Water 1-36  1-73  1-20  1-89 

In  working  on  such  minute  quantities,  it  is  not  easy  to  speak  with 
certainty  as  to  the  proportion  of  hydrogen  contained  in  emeralds  and 
beryls  which  is  not  due  to  the  water  present;  and  the  difficulty  is  in- 
creased by  the  fact,  insisted  upon  by  Boussingault*,  that  these  stones  do 
not  give  off  all  their  water  below  a  red  heat.  If  it  be  considered  per- 
missible, which  I  cannot  admit,  to  calculate  the  hydrogen  on  the  prin- 
ciple of  deducting  the  water  found  on  ignition  in  a  crucible  from  that 
formed  during  the  combustion  in  oxygen,  and  then  calculating  the  per- 
centage of  hydrogen  on  the  difference,  as  Lewy  has  done,  the  results 

would  be  as  follows : — 

Beryl  A.  Lewy'a 

^ * s  Emerald.    Emerald 

I.  II.  (mean). 

Carbon 0O8  0-08  0O7  0O8 

Hydrogen    006  0-11  0O4 

The  smallness  of  the  values  obtained,  and  even  the  very  fact  of  their 
close  approximation,  make  me  offer  them  with  a  certain  amount  of 
resene,  and  I  shall  endeavour  to  repeat  them  upon  much  larger  quan- 
tities as  soon  as  I  have  found  a  method  of  avoiding  all  possible  sources 
of  error. 

I  have  not  inserted  the  numbers  given  by  Boussingault,  as  there  appears 
to  be  some  mistake  in  them.  He  found  0-24  per  cent,  of  carbon  in  the 
morallous,  and  yet  says  that  this  number  agrees  with  two  of  Lewy's 
determinations,  one  of  which  (he  says)  gave  0-21,  and  another  0-25  ; 
whereas  I  j&nd,  on  reference  to  Lewy's  memoir,  that  that  chemist  ob- 
tained in  the  two  experiments  alluded  to  0*21  and  0*25,  not  of  carbon, 
hut  carbonic  anhydride. 

As  it  was  possible  that  some  of  the  carbon  found  in  these  experiments 
might  have  been  derived  from  the  steel  mortar  used  in  the  preliminary  crush- 
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ing  of  the  emeralds  and  beryls,  I  pulverized  some  emeralds  in  a  porcelain 
mortar,  every  precaution  I  could  devise  being  taken  to  prevent  any  con- 
tact of  organic  matter.  On  burning  in  oxygen,  and  passing  the  products 
of  the  combustion  into  lime-water,  a  copious  precipitate  of  carbonate  of 
calcium  was  obtained. 


On  the  Effects  of  Fusion  upon  Ehebalds  anb  Bebyls. 

On  the  Effects  of  Fusion  upon  Opaque  Beryls, — In  order  to  study  the 
effects  of  fusion  upon  beryls  or  emeralds,  I  found  it  necessary  to  use 
the  oxyhydrogen  blowpipe.  Beryls  and  emeralds  were  amongst  the 
numerous  substances  fused  with  this  instrument  by  Clarke  *  as  long  ago 
as  1816.  He  states  that  the  Siberian  beryl  fuses  to  a  clear  glass  con- 
taining bubbles.  The  Peruvian  emerald  he  found  to  melt  very  easily 
to  a  round,  extremely  beautiful  bead  free  from  bubbles ;  it  lost  its  green 
colour,  and  became  like  a  white  sapphire. 

My  first  experiments  were  made  upon  the  beryl  A;  it  weighed 
62*54  grms.,  and  its  density  was  taken  with  great  care  previous  to  fusion. 
In  the  first  experiment  the  whole  crystal  was  suspended  from  the 
balance-pan,  and  weighed  in  water ;  in  the  second  a  few  fragments  were 
weighed  in  a  Begnault's  flask  with  the  usual  precautions.  The  values 
obtained  were  as  follows : — 

Spedfie  Oravity  of  Beryl  A  before  fusum. 


No.  of  experi- 
ment 

W. 

W. 

t 

pt. 

D. 

I. 

n. 

62-5400 
1-6838 

• 

39-0000 
10512 

21-6 
20-0 

•997936 
•998259 

2-65 
2-66 

In  order  satisfactorily  to  submit  beryls  to  the  action  of  the  oxyhy- 
drogen blowpipe,  it  was  necessary  to  find  a  support  capable  of  enduring 
the  high  temperature  without  burning  away  too  rapidly,  and  also  not 
containing  sufficient  inorganic  constituents  to  complicate  the  results. 
After  a  few  trials  I  selected  square  prisms  of  gas-retort  carbon,  taking 
care  to  ascertain  by  experiment  that  they  were  adapted  to  the  purpose. 
Some  specimens  bum  away  very  readily,  and  others  yield  too  much  ash 
to  permit  of  their  being  employed  successfully.  The  oxyhydrogen  blow- 
pipe employed  was  of  the  ordinary  construction ;  and,  with  the  exception 
of  having  several  nozzles  of  various  calibres  to  adapt  it  to  different  quan- 
tities of  the  substance  to  be  experimented  upon,  needs  no  particular  de- 
scription. These  nozzles  (which  supply  the  oxygen)  should  be  well 
formed,  and  free  from  internal  irregularities.  Instead  of  hydrogen,  coal- 
gas  was  generally  employed,  as  I  have  not  found,  for  the  purposes 

*  Schweigger*8  Journ.  vol.  xviii.  p.  237  (1816V 


It.'  V^  «  «   ky  1      «  V^  «  X  '    KB.    ^    A 


Mie  suj)ply  of  oxygtMi,  the  boiling  (^ntin^ly  ( 
excess  of  Dxvj'en   I'iiList's  it   to  be  renewed, 
whieli    is    found    to    occur    with    other    sub 
emeralds,  1  hope  to  study  in  greater  detal 
flame  that  the  beryl  fuses  tranquilly,  and  it 
maTiTnnm  heat  (if  the  substance  is  not  too  lai 
kmger  lies  as  a  shapeless  mass  on  the  carbon  su 
rises  up,  and  forms  a  perfect  bead— round, 
obtain  the  adjustment  of  position  necessary  foi 
sable  to  wear  very  dark  glasses,  so  dark,  indeet 
be  discerned  through  them  in  bright  daylight. 
the  minute  details  of  the  globule  cannot  be  obse 
possible  to  drive  away  the  bubbles  which  form 
18  moved  in  the  slightest  degree  from  the  prope 
^are  would  also  soon  seriously  affect  the  sight ; 
tion,  I  have  found,  after  the  preparation  of  one 
that  my  sight  appears  (even  after  an  interval 
dightiiy  but  decidedly  deteriorated.    If  all  is  wc 
should  be  quite  mobile ;  and  advantage  of  this 
inceflmuitly  rolling,  and  yet  not  remove  it  from 
oat  the  most  brilliant  light.    By  this  means  t 
dered  transparent.    If,  on  the  other  hand,  it  is 
oat  motion  on  the  carbon  (unless  the  globule  b 
found,  when  cold,  to  have  a  white  opaque  base,  i 
tiie  bead  in  a  conical  form,  and  entirely  desti 
exact  adjustment  of  the  position  of  the  bead  a 
beat,  oomlnned  with  coii«f««^  — 
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nor  to  that  of  the  emerald.  The  green  beads  may,  by  an  intense  and 
prolonged  heat,  be  rendered  colourless.  With  cobalt  oxide  the  beads 
afford  beautiful  blue  glasses  of  any  desired  shade ;  and  in  all  cases  the 
results  are  the  same  as  with  the  artificial  mixture  of  beryl  ingredients  to 
be  described  further  on. 

The  effect  of  fusion  upon  the  beryl  is  to  lessen  the  hardness  and 
lower  the  specific  gravity.  The  globules  may  be  scratched  by  quartz* 
The  following  numbers  were  obtained  in  a  determination  of  the  specific 
gravity ; — 

Specific  Gravity  of  Beryl  A  after  fusion. 


No.  of  experi- 
ment. 

W. 

W. 

t 

pt. 

D. 

I. 
II. 

23376 
23376 

1-3710 
1-3699 

27-2 
270 

•996603 
•996603 

241 
2-41 

The  beryls  have,  therefore,  lost  nine  per  cent,  of  their  density  in  pass- 
ing from  the  crystalline  to  the  vitreous  state. 

I  was  desirous  of  carefully  comparing  this  loss  of  density  undergone  by 
beryls  with  that  of  rock-crystal  fused  under  the  same  drcumstanoes. 
According  to  an  experiment  quoted  by  Forbes*,  the  specific  gravity  of 
quartz  of  undoubted  aqueous  origin,  and  also  that  from  granites,,  is  2*6, 
and  that  of  rock-crystal,  fused  before  the  ox}4iydrogen  blowpipe  to  an 
amorphous  glass,  2*2.  According  to  the  experiment  of  Le  Boyer  and 
Dumas  t,  the  specific  gravity  of  rock-crystal  determined  at  4^  in  vacuo 
was  2*652.  The  value  found  by  the  Austrian  Commission  was  2*651223t« 
I  have  repeated  with  great  care  the  determination  of  the  specific  gravity 
of  rock-crystal,  both  before  and  after  fusion,  with  the  annexed  results  : — 

Specific  Gravity  of  Bock-crystal  before  fusion. 


No,  of  experi- 
ment. 

W. 

W. 

t 

pt. 

D. 

I. 

1-9493 

1-2154 

o 

21 

•998047 

2-66 

The  above  number  is  practically  identical  with  those  of  Le  Eoyer  and 
Dumas  and  the  Austrian  Commission.  Bock-crystal  fuses  very  readily 
before  the  oxyhydrogen  blowpipe,  and,  if  care  be  taken,  the  beads  ob- 
tained are  beautifully  clear  and  free  from  bubbles. 

*  Chem.  Soc.  Joum.,  new  series,  vol.  vi.  p.  225. 

t  Gmelin's  'Handbook  of  Chemistry/  vol.  iii.  p.  354. 

X  Ueber  das  Yerhaltniss  des  Bergkrystall-Eilogrammes  zum  Kilogramme  der  K 
Archiye  ta  Paris  (Wien,  1870).  I  am  indebted  to  Prof.  W.  H.  Miller  for  this  re- 
ferenoe. 
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Specific  Gravity  of  Bock-crysUd  after  fusion. 


No.  of  experi- 
nient« 


I. 
II. 

ni. 

IV. 
V. 


w. 

W. 

L 

pt. 

D. 

•4116 

•2240 

o 

24 

•997367 

2-19 

•4116 

•2261 

25 

•997120 

221 

•4116 

•2228 

24 

•997367 

217 

•3376 

•1832 

25 

•997120 

218 

•1796 

•0977 

11 

•999655 

219 

Mean 


219 


Eock-crystal  loses,  therefore,  no  less  than  seventeen  per  cent,  of  its 
specific  gravity  on  passing  from  the  crystalline  to  the  amorphous  state, 
or  about  a  half  per  cent,  less  than  is  undergone  by  garnets,  according  to 
the  observations  of  Magnus ;  whereas  the  beryl  A  only  lost  nine  per  cent., 
or  little  more  than  half  as  much. 

On  the  Effects  of  Fusion  upon  Emeralds, — On  heating  alone  before  the 
oxyhydrogen  blowpipe  these  emeralds  bear  a  bright  red  heat  without  losing 
their  colour ;  and  at  a  heat  which  causes  incipient  fusion,  the  edges  turn 
colourless  and  opaque,  while  the  centre  remains  green.  After  fusion  for  a 
short  time  they  yield  an  opalescent  greenish  glass,  which,  kept  for  a  long 
time  at  the  maximum  temperature  of  the  blowpipe,  becomes  quite  transpa- 
rent and  almost  colourless.  The  addition  of  chromic  oxide  causes  the  bead 
to  become  of  a  dull  green  colour,  which  is  not  improved  by  moderate  heating. 
The  fact  that  emeralds  endure  a  temperature  capable  of  fusing  the  edges 
without  the  centre  losing  colour,  appears  conclusive  against  the  idea  of 
the  colouring-matter  being  organic.  The  beads  produced  by  the  fusion 
of  emeralds  resemble  those  formed  in  the  same  manner  from  beryls  ;  the 
phenomena  during  the  fusion  are  also  nearly  alike ;  but  it  takes  longer 
and  a  higher  temperature  to  produce  a  colourless  transparent  bead  with 
emeralds  than  with  colourless  beryls.  The  beads  can  be  scratched  by 
quartz,  and  the  density  is  reduced  to  the  same  extent  as  with  the  beryl. 

Specific  Gravity  of  Emeralds  (Canutillos)  after  fusion. 


No.  of  experi- 
ment. 

W. 

W. 

t. 

pt. 

D. 

I. 

•7432 

•4334 

o 

13 

•999430 

2-40 

The  density  of  fused  emeralds  is  therefore  almost  exactly  the  same  as 
the  globules  obtained  in  a  similar  manner  from  the  beryl  A. 

Beryls,  from  the  most  various  sources  and  of  the  greatest  difference  in 

appearance,  vary  but  little  in  specific  gravity ;  thus  a  large  crystal  of 

beryl  from  Haddam  County,  North  America,  weighing  1089  grms.,  had  its 

specific  gravity  determined  by  suspension,  and  the  number  obtained  was 
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2*67.  The  beryl  A  from  Ireland  gave  2-66 ;  and  a  beautiful  transparent 
yellow  crystal,  the  locality  of  whieh  is  doubtful,  gare  2-69,  or  exactly  tlie 
same  as  the  emeralds  from  Santa  Ee. 

On  the  Effects  of  Fusion  upon  an  ArHfidal  Mixture  of  Beryl  InjrediaUsr 
— Being  desirous  of  trying  the  effects  of  fusion  upon  an  artificial  mixture 
of  the  same  composition  as  that  of  a  beryl,  I  made  a  series  of  careful 
analyses  of  the  beryl  A.  The  results  of  these  analyses  have  led  me  to  a 
laborious  exunination  of  the  processes  at  present  in  use  for  the  separa- 
tion of  alumina  from  glucina.  The  study  of  the  original  carbonate-oC- 
ammonia  process  of  Yauquelin,  and  the  modifications  of  Bose,  Joy,  Hof- 
meister,  and  others,  has  taken  twelve  months  of  constant  work ;  but  even 
my  earlier  analyses  enabled  me  to  obtain  a  sufficiently  close  approxima- 
tion to  the  composition  of  the  beryl  A.  The  following  were  the  pro- 
portions used : — 

Silica  67'5 

Alumina 18*5 

Glucina  14-0 

10(H) 

1  did  not  introduce  any  iron  or  magnesia,  as  I  regard  them  as  accidental 
impurities  varying  in  amount. 

When  a  mixture  of  the  above  composition  is  exposed  to  the  flame  of 
the  oxyhydrogen  blowpipe,  it  fuses  with  almost  exactly  the  same  pheno- 
mena as  with  the  natural  beryl.  It  is,  however,  as  might  be  anticipated 
from  the  absence  of  iron  and  chromium,  much  easier  to  get  a  colourless 
transparent  bead  with  the  mixture  than  with  either  emeralds  or  beryls. 
The  greatest  difficulty  in  this  respect  is,  of  course,  found  with  emeralds. 
The  specific  gravity  of  the  fused  globules  was  determined  with  the  follow- 
ing result : — 

Specific  Gravity  of  Artificial  Amorphous  Beryls. 


No.  of  experi- 
ment. 

W. 

W. 

t. 

pt. 

D. 

I. 

•5774 

•3394 

iS 

•999430 

2-42 

or  almost  exactly  the  same  as  the  density  of  native  emeralds  and  beryls 
after  fusion. 

When  a  small  portion  of  chromic  oxide  is  added  to  the  artificial  mix- 
ture and  the  whole  is  subjected  to  fusion,  the  resulting  bead  is  of  a  rich 
yellowish  green,  and  in  many  experiments  approached  to  the  emerald 
tint ;  but,  as  a  rule,  the  colour  is  more  of  a  faded  leaf-green ;  and  although 
I  have  never  obtained  a  globule  of  the  vivid  tint  of  a  fine  emeralS^  tV^ 
glasses,  when  well  cut,  are  quite  beautiful  euouf^  to  «er^^  aa  y^v^^. 


Itl.^.^l. 


titul,  and  have  aliiio^^t  llic  lustre  of  rrystalliz^MJ 
Tin?  i/l«)l)iilt's   ohlaiiird  hv  riisin^r    tin'  arlitic 
(liiMits  with  {lidyiiiiiiiii  oxidi'  show  the  charactr 
ot*  that    nu'tal  in  a  very  p(.'rfect.  manner,  the  li 
Even  when  the  bead  is  quite  opalescent  f  ron 
black  lines  are  beautifully  distinct  in  the  spe 
quantity  of  didymiiun  oiddo  the  beads  are  of 
more  intense  by  artificial  light,  and,  when  cul 
The  presence  of  didymium  in  sufHcient  quantity  i 

Specific  Gravity  of  Artificial  Amorphous  Beryls 


No.  of  experi- 
ment. 

W. 

W. 

t. 

I. 

•0467 

•5815 

o 

11 

the  resulting  number  being  almost  as  high  as  ths 
fusion. 

Condugions. — The  evidence  given  in  this  paper, 
beryls  may  contain  as  much  carbon  as  the  richest- 
conjunction  with  the  ignition  experiments,  and  th( 
chromic  oxide  with  colourless  beryls  and  >\dth  an 
same  composition,  leaves  me  no  room  to  doubt  \ 
quelin's  conclusion,  that  the  green  colour  of  the 
presence  of  chromic  oxide. 

The  fact  that  emeralds  and  beryls  lose  dens: 


nmiv»i» 


Itr  rvrt  y**^"  J 
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density  of  miuerals  to  be  less  dependent  on  the  temperature  at  which 
they  are  produced  than  upon  their  crystalline  or  amorphous  state. 

One  crystalline  gem  (the  ruby)  has  undoubtedly  been  produced  in 
nature  at  a  high  temperature.  I  have  frequently  repeated  G^audin's* 
experiment  on  the  artificial  formation  of  this  stone,  and  can  confirm 
most  of  his  results.  I  did  not,  however,  find  the  density  to  be  quite  the 
same  as  the  native  ruby  or  sapphire,  which  is,  in  different  specimens, 
from  3-53  to  3-56.  Artificial  rubies  of  the  finest  colour  made  by  me  by 
Gaudin's  process  had  a  specific  gravity  oi  3*45,  which  is  not  three  per 
cent,  lower  than  that  of  the  ruby.  The  reascm  for  this  close  approxima- 
tion will  be  found  in  the  fact  that  fused  alumina  crystallizes  on  cooling. 
The  crystallization,  however,  is  confused  and  imperfect,  which  causes 
the  resulting  product  to  be  only  partially  transparent,  and  to  have  a 
slightly  lower  specific  gravity  than  the  natural  gem.  It  is,  consequently, 
scarcely  correct  to  call  the  fused  stones  made  by  Gaudin's  process 
"  artificial  rubies." 

I  have  convinced  myself  that  rubies  have  been  formed  in  nature  at  a 
temperature  equal,  or  nearly  equal,  to  that  of  the  fusing-point  of  alumina, 
from  the  circumstance  that  the  reaction  between  chromic  oxide  and 
alumina,  which  results  in  the  development  of  the  red  colour  of  the  gem, 
is  not  effected  at  low  or  even  moderately  high  temperatures,  but  requires 
a  heat  as  high  as  that  of  the  oxyhydrogen  blowpipe.  It  is  not  necessary 
that  the  chromium  should  be  presented  to  the  alumina  in  the  form  of 
chromic  acid.  It  appears,  therefore,  that  the  red  colour  of  the  ruby 
is  not  caused  by  the  presence  of  chromic  add ;  it  is,  in  fact,  a  reaction 
sui<jeneris  between  alumina  and  chromic  oxide,  which,  as  far  as  my  expe- 
riments have  gone,  only  takes  place  at  very  elevated  temperatures. 

In  my  next  communication  I  propose  to  give  the  results  of  a  compara- 
tive study  of  two  of  the  processes  most  generally  employed  for  the 
analysis  of  emeralds,  beryls,  and  other  minerals  containing  glucina  and 
alumina — namely,  the  carbonate-of-ammonia  process  of  Yauquelin,  and 
the  caustic-potash  method  de\ised  by  the  same  chemist,  but  modified 
by  Gmelin,  and  generally  associated  with  his  name.  These  studies  are 
already  far  advanced. 

Specimens  of  various  beryl  glasses,  cut  and  uncut,  accompany  this 
paper. 

'*'  Ann.  Phann.  vol.  xxiii.  p.  234. 
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XVI.  "On  a  Standard  Voltaic  Battery."  By  LA.niiBB  Clawjl, 
C.E.  Commnnicated  by  Prof.  SirWiLLUli  TaoiiaoK,  F.A.S. 
Received  June  19,  1873. 

Thia  paper  is  a,  revised  versioD  of  a  paper  read  last  Session.   (For 
Abefcract  see  Proceedings,  vol,  ii.  p.  444.) 


XVII.  "  Note  on  High- Power  Definition  as  illnstrated  by  a  com- 
pressed Poffura-scale."  By  E.  B.  Bkaumont,  F.R.S.,  and 
Dr.  EoYBTON-PiQOTT,  P.R.S.     Received  June  19,  1873. 

Ifothing  in  microscopic  matters  has  ever  afforded  us  such  complete 
satisfaction  as  the  following  result  of  a  very  fine  definition,  accom- 
plished by  means  of  a  Guudlavh  German  ^  iramereioa  lens,  corrected 
by  a  new  method,  which  Dr.  Pigott  at  present  delays  publishing  in 
the  hope  of  further  improvement,  but  which  he  is  willing  to  exhibit  at 
his  house. 

A  Podara-aiiAe*,  fortunately  strongly  protected  with  a  thick  glass 
cover,  having  accddentally  been  subjected  to  so  considerable  a  pressure  as 
to  crush  out  the  structure  of  a  large  scale,  upon  bringing  it,  by  hap- 
hazard, into  the  fi<?Id  of  view  with  a  maguifying-power  of  about  2000  dia- 
meters, exhibited  a  structure  indicated  by  the  woodcuts  here  given,  and 
7Ww«-scale. 


drauii,  in  the  presence  of  the  writtrH,  at  Dr.  Pigott'a  house  by  the  accurate 
artist  Mr.  Hollick,  deaf  aud  diiuib  and  a  rapid  delineator  without  the 
camera.  Mr,  Beaumont's  surprise  and  admiration  equalled  that  of  Dr. 
Pigott.  This  circumstanco  will  excite  no  surprise  when  it  is  stated  that 
for  four  years  the  spherules  of  the  Podura  have  been  generally  denied 
and  warmly  disputed.  In  ordinary  cases  a  crushed  scale  shows  nothing; 
aud  as  glasses  are  usually  corrected  to  show  the  illusory  spines  or  mark- 
ings, these  spherules  are  concealed. 

'  Vo-liiru  Dcijceria  vel  dainrt/Utt. 
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The  idea  conyeyed  was,  that  two  kyers  of  spherules  (first  detected 
by  Mr.  Beaumont  within  the  tubes),  like  two  confined  layers  of  small 
shot,  had,  by  compression,  been  forced  and  largely  spread  out  into  broader 
layers.  It  was  thought  also  that  detached  portions  resembled  long 
tubes  or  puckers  filled  with  spherules  exactly  fitting  them.  The  sphe- 
rules appeared  perfectly  spherical,  but  somewhat  unequal  in  size. 

In  the  general  flattened  and  extended  surface  of  the  compressed  and 
disintegrated  scale  the  spherules  i^peared  dark  blue  or  red,  according  to 
the  slight  change  in  the  focal  plane,  and  in  a  still  lower  plane  white. 

In  the  adjoining  uninjured  scales  long  strings  of  beads  were  seen,  like 
necklaces  of  coral,  here  and  there  sharply  bordered  with  black  lines, 
apparently  denoting  tubes  of  membrane  or  puckers  enclosing  them  like 
a  tube.  Between  these  strings  of  spherules  peeped  forth  others  of  a  light 
orange-colour. 

The  slide  was  an  old  one  and  well  known.  The  mass  of  the  crushed 
scale  occupied  a  much  broader  space  than  any  of  the  scales. 

XVIII.  '^  On  the  Accommodation  of  Vision,  and  the  Anatomy  of 
the  Ciliary  Body.*'  By  Arthur  Trehern  Norton,  P.R.C.S., 
Lecturer  on  Anatomy  at  St.  Mary^s  Medical  School.  Com- 
municated by  Dr.  Sibsom,  V.P.R.S.     Received  June  5,  1873. 

(Abstract.) 

This  paper  is  to  show  that  the  increase  in  the  convexity  of  the  lens, 
when  accommodated  for  near  vision,  is  effected  by  compression  of  the 
equator  of  the  lens  by  an  erectile  cushion  composed  of  the  ciliary  pro- 
cesses turgid  with  blood,  the  ciliary  muscle  being  the  motor  agent ;  also 
that  the  iris  aids  accommodation  by  increasing  its  rapidity,  but  that 
accommodation  of  vision  can  be  effected  slowly  without  the  assistance 
of  the  iris. 

The  author  states  that,  by  dissection  of  human  eyes,  he  has  determined 
the  existence  of  an  erectile  mass  attached  to  the  interior  surface  of  the 
ciliary  muscle  from  which  the  ciliary  processes  proceed,  and  that  in  dis- 
sections of  injected  specimens  the  vessels  of  the  ciliary  processes  and  of 
the  erectile  mass  can  be  seen  to  pass  through  and  between  the  fibres  of 
the  ciliary  muscle  near  to  the  apex  of  that  muscle. 

Prom  the  festooned  appearance  of  the  ciliary  processes  when  unin- 
jected,  and  from  their  greatly  increased  size  when  injected,  he  concludes 
that  the  ciliary  processes,  and  the  mass  from  which  they  project,  are 
erectile,  and  are  C24)able  of  undergoing  a  great  alteration  in  size,  the 
erection  being  due  to  compression  of  their  veins  by  contraction  of  the 
ciliary  muscle. 

In  the  anatomy  of  the  ciliary  muscle  he  gives,  as  the  origin  of  that 
muscle,  the  middle  &8ciculus  of  the  posterior  elastic  lKQ:d2Q&  v&  >i)aft  <»sraR^^ 


oi   The  ciliary  [)roc('S.st's  imd  ciliarv  tikiss  ; 
wliicli  curve  round  to  insert  into  the  com 
cesses,  when  coiitracting,  cause  those  stri 
th(Teby  tensing  them  upon  their  containc 
solid  and  to  prevent  them  from  flattenin 
the  lens. 

The  attachment  of  the  ciliary  muscle 
the  lens,  either  primarily  or  secondarily, 
traction  of  that  muscle  cannot  draw  f  orwa 
hitherto  described. 

The  existence  of  a  ciliary  ligament  is  not 

The  author  continues : — 

Accommodation  is  known  to  depend  upoi 

The  canvezity  of  the  lens  depends  upon  1 
(ciliary  processes  and  ciliary  mass),  which,  w 
for  closest  vision,  assume  the  greatest  amou 
tile  organs  form  a  circular  cushion,  which 
lens;  and  as  the  sijse  of  this  cushion  iiici 
becomes  filled  with  blood,  so  does  the  cushic 
pressnre  npon  the  equator  of  the  lens,  dec 
lens  at  its  equator,  and  increasing  it  at  its  p* 
18  increased  in  convexity  and  accommodated 

So  iar  accommodation  may  be  effected  wil 
without  an  iris  the  change  of  accommodat 
extreme  near  vision  must  occupy  the  time 
processes  with  blood  to  complete  erection. 
almost  (bat  not  quite)  instantAnpnuo 
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curtain  of  the  iris  and  to  obliterate  the  sharp  angle  already  described. 
The  plane  of  the  iris  is  then  thrown  back  to  a  level  with  the  circum- 
ferential attachment. 

The  ciliary  cushion,  which  is  at  the  same  time,  one  may  say,  slowly 
enlarging  by  the  erection  of  the  ciliary  processes  &c.,  and  which  lies  be- 
hind the  iris,  is  thus  instantly  pressed  back  by  the  iris  upon  the  equator 
of  the  lens,  and  the  lens  is  therefore  instantly  accommodated  for  the 
nearer  vision.  The  iris  is  thus  shown  to  greatly  increase  the  rapidity  of 
accommodation. 

XIX.  "  On  Mr.  Spottiswoode's  Contact  Problems.''    By  W.  K. 

Clifford,   M.A.,   Professor  of    Applied    Mathematici^   and 

Mechanics  in  University  College,  London.     Communicated 

by  W.  Spottiswoodb,  M.A.,  Treas.  and  V.P.R.S.     Received 

June  19,  1873. 

(Abstract.) 

The  present  communication  consists  of  two  parts. 
The  first  part  treats  of  the  contact  of  conies  with  a  given  surface  at  a 
given  point ;  this  dass  of  questions  was  first  treated  by  Mr.  Spottiswoode 
in  his  paper  "  On  the  Contact  of  Conies  with  Surfaces,"  and  general 
formulae  applicable  to  all  such  questions  were  given. 

The  results  of  that  paper  are  here  reproduced  with  some  additions  ; 
with  the  exception  of  a  few  collateral  theorems,  these  are  all  contained 
in  the  following  Table  : — 

•Number  of  five-point  conies  through  fixed  point =  6 

*Order  of  surface  formed  by  five-point  conies  through  fixed  axis  =  8 

Number  of  six-point  conies  through  fixed  axis =  9 

•Number  of  seven-point  conies     =70 

The  second  part  treats  of  the  contact  of  a  quadric  surface  with  a 
surface  of  the  order  n ;  and  in  particular  it  determines  the  number  of 
points  at  which  a  quadric  (other  than  the  tangent  plane  leckoned  twice) 
can  have  four-branch  contact  with  the  surface.  In  his  paper  *'  On  the 
Contact  of  Surfaces,"  Mr.  Spottiswoode  proves  that  at  an  arbitrary  point 
on  a  surface  there  is  no  other  solution  than  the  doubled  tai^nt  plane* 
and  gives  the  conditions  that  must  be  satisfied  by  those  points  at  which 
another  solution  is  possible. 

The  method  here  adopted  is  an  extension  of  that  applied  by  Joachim- 
stal  to  the  contact  of  lines  with  curves  and  surfaces.  The  coordinates  of 
a  point  on  a  conic  are  expressed  in  terms  of  a  single  parameter,  those  of 
a  point  on  a  quadric  by  two  parameters.  To  determine  the  intersection 
with  a  given  surface  we  have  an  equation  in  the  parameter  or  parameters ; 
and  the  conditions  of  contact  are  expressed  in  termn  of  the  coeificienta 
of  that  equation.  The  special  case  of  the  intersection  of  a  quadric  with 
A  cubic  surface  is  treated  by  the  method  of  representation  on  a  plane. 

*  These  results  constitute  the  Additions. 


ganglia  on  tlie  j)o>t(M'i()r  roots   of  llu^  s 
intoutioTi  of  statiuf^  his  views  respect iiii^ 
tlujraeic  ganj^lia  of  the  sympatlu'tic  iutvc 
spinal  nerves  in  a  future  coinmuniontion. 

XXI.  '' Researches  in  Circular   SoL 
Besidoary  Aberration  in  Micro, 
the  construction  of  a  Compcnsati 
to  the  paper  on  a  Searcher  for  . 
West   Royston-Pioott,  M.A.,  M 
Coll.  Phys.,  FeUow  of  the  Camb. 
Society,  &c.,  and  late  Fellow  of  Si 
Communicated  by  Prof.  Stokbs,  S( 
1878. 

The  researches  detailed  in  the  present  pa] 
1871.  The  results  arrived  at  were  large 
mioroscope.  Similar  but  less  brilliant  and  : 
be  obtained  with  the  telescope;  but  the 
adi^tability  of  the  former  ccmfers  some  a^ 
hitter. 

In  both,  however,  the  same  principles  are 

A  cone  of  rays  of  small  angular  apertui 
its  base  in  each  case  engages  the  eyepieo 
the  eyepieces  are  similar  in  each. 

Fteuliar  jEadlities  for  studvinf^  b'^'""  — 
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generally  with  spherical  aberration,  require  also  particular  attention.  I 
have  repeatedly  observed  a  fine  state  of  d^nition  completely  blurred 
merely  by  a  change  of  eyepiece  of  the  same  power,  which  no  mere 
focusing  ameliorated,  and  which  could  only  be  corrected  by  a  change 
in  the  convergent  pencil  passing  through  the  objective  intrinsically 
affecting  its  aberration. 

Another  branch  of  such  an  inquiry  would  be  the  nature  of  the  definition 
of  an  organic  particle  under  high  powers^  as  every  such  research  (such  as 
the  detection  of  the  characteristics  of  diseased  and  healthy  cells)  may  be 
resolved  into  the  power  of  the  microscope  to  define  a  single  organic 
particle.  Such  particles  are  generally  brilliant  and  refracting,  and  the 
errors  of  observation  are  unfortunately  at  present  of  a  numerous  kind* 
(Appendix  A.) 

On  the  Circular  Solar  Spectrum. 

If  a  lens*  be  placed  with  its  axis  coincident  with  that  of  the  micro- 
scope, and  if  its  principal  focus  formed  by  the  solar  rays  be  examined  by 
an  instrument  of  the  highest  quality,  we  shall  find  that  minute  slices,  as 
it  were,  of  the  solar  cone  present  phenomena  of  rare  beauty  jind  order, 
dependent  upon  the  quality  of  the  examining  instruments. 

If  two  plano-convex  lenses  are  placed  with  axes  coincident,  a  good 
many  coloured  rings  may  be  counted,  but  no  black  ones ;  so  soon  as  their 
axes  become  oblique,  the  solar  spectrum  takes  an  intricate  form,  whilst 
the  centre  shows  a  brilliant  cross  (135),  very  difficult  to  describe  or  repre- 
sent by  portraiture,  but  worthy  of  the  highest  photographic  art  of  all 
the  forms  described. 

This  spectrum  I  venture  to  name  the  circular  solar  spectrum. 

In  my  former  research  I  had  observed  a  flame-disk  in  a  darkened  room. 
This  disk  presented  two  or  three  diffraction-rings,  similar  to  those  of 
telescopic  stars,  but  much  broader. 

The  same  method  was  attempted  with  the  sun.  Various  objectives 
were  used  to  obtain  a  solar  miniatiu^  of  the  sun's  disk. 

Plain  mirrors  of  glass  silvered  at  the  back  entirely  failed. 

In  order  to  form  a  pure  and  brilliant  solar  spectrum  under  the  mic^^o- 
scope,  it  occurred  to  me  to  take  advantage  of  the  principle  of  total  internal 
reflection  from  a  prism.  I  then  constructed  a  prism-heliostat,  which,  acting  in 
sunshine,  presented  an  aerial  miniature  of  the  sun  of  great  splendour  (almost 
as  dazzling  as  the  sun  itself)  for  half  an  hour,  without  further  adjustment. 

The  prism-heliostat  was  furnished  with  a  crown-glass  double-convex 
lens,  itself  being  of  flint ;  and  other  lenses  of  less  focal  length  could  be 
attached  to  diminish  or  increase  the  diameter  of  the  primary  image  of  the 
sun,  which,  as  the  focal  length  generaUy  used  was  3  inches,  gave  aii 
image  3  sin  30'  in  diameter,  or  one  fortieth  of  an  inch  nearly.  In  some 
cases  object-glasses  and  eyepieces  were  placed  in  the  solar  rays  emanat- 
ing from  the  prism. 

♦  This  term  of  course  includes  cyery  form.     Of  0OT\<»^e\einife*,\vcyw«^«r,«t\i's«r5 
small  ones  can  he  conreDientlj  examined. 


U  lion  this  niiiiutc  sj^cctruni  is  viewed  with  a  h 

the    j)ln'iioni<'na    att«Mi(lin<^    residuary  iTrors,    w 

spherical   ahorration,  or   incchauical  (•(Mjslniflioi 

so  keen  a  seventy  upon  the  handiworks  of  niai 

methods  into  the  shade. 

Phenomena  ohscrvcd. 

With  the  flame-disk  fonnerlyused*  only  two  c 
eofuld  (as  already  remarked)  be  descried ;  an  es 
richly  coloured  rings  of  dazzling  brilliance  was  n< 
stant  of  bringing  the  solar  disk  into  the  plane  of  : 

The  mo^  striking  feature,  amid  so  much  efful^ 
black  {jet-black)  diffraction-ring  encircling  tht 
clearest  focal  point.  The  appearance  of  the  rings 
with  the  slightest  change  of  focus,  and  their  tints 
the  **  secondary  spectrum.'^ 

Upon  closer  inspection,  my  curiosity  was  ex( 
shape  of  the  primary  or  central  black  ring  deviatin 
form,  somewhat  squared  off,  as  though  not  consist 
ring.  I  then  found,  upon  more  careful  examinai 
eyepieces,  length  of  body,  and  "  collar  corrections,' 
of  several  excentric  rings.  The  research,  as  on 
fitful  gleams  of  a  spring  sunshine,  though  tedioi 
enlivened  vatik  the  outcome  of  an  important  fa< 
folly  noticed  further  on  [viz.  that  achnnnatism  a 
best  adjustable  microscopes,  at  present  were  found 
gmous]* 

The  same  result,  the  enlarj^  disk,  as  doR^rii^ 
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Three  general  features  were  constantly  observed:  the  rings  were 
seen  either  wholly  or  chiefly  on  one  side  of  the  solar  disk,  i,  e,  either 
within  or  without  the  focus,  or  nearly  similar,  except  in  colour,  on  oppo- 
site sides  of  the  focal  point. 

If  the  rings  were  on  one  side  a  nebulous  brightness  occupied  the 
other,  into  which  the  solar  disk  suddenly  resolved  itself  on  a  slight  change 
of  focus ;  but  frequently  this  nebulosity  assumed  a  fine-grained  or 
"  engine-turned  pattern."  Occasionally  two  primary  disks,  each  with 
its  ov^qi  system  of  rings,  struggled  for  the  mastery  ;  and  on  changing  the 
focus  a  chromatrope  effect  was  produced  by  the  expanding  rings  and 
their  excentric  intersections  presenting  an  extraordinary  loveliness  of 
colours. 

Another  result  somewhat  startled  me.  In  some  of  the  best  glasses 
the  movement  of  the  Eoss  collar-adjustment  for  the  position  of  the 
front  lenses  entirely  decentred  the  solar  disk,  so  that  here  two  appeared 
occasionally  instead  of  one. 

This  phenomenon  compelled  me  to  infer  that  in  many  cases  the  collar- 
adjustment  may  become  a  greater  source  of  error  than  the  "  thickness"* 
of  glass  cover  which  it  is  intended  to  compensate,  and  that  therefore 
excellent  glasses,  constructed  with  a  permanent  setting,  are  preferable, 
especially  as  a  new  compensation  can  be  effected,  as  described  p.  435*. 

The  frequent  appearance  of  several  disks  at  once  in  the  field  of  view 
caused  me  to  suspect  that  the  axes  of  the  component  lenses  of  the 
objectives  were  not  always  coincident. 

An  Andrew  Eoss  "  quarter,"  marked  1851,  though  of  good  quality, 
displayed  several  irregularly  placed  central  disks,  which  formed  so  many 
different  centres  of  diffraction-rings. 

A  J3erlin  glass  of  good  quality  showed  a  much  finer  primary  black 
ring,  and  a  splendid  display  of  several  coloured  rings  edged  with  black  ; 
in  a  deeper  focus  four  false  centres  appeared. 

It  will  not  be  out  of  place  here  to  detail  a  few  experiments  conducted 
with  the  object  of  verifying  the  cause  of  irregularity  in  the  primary  black, 
and  the  particular  signs  of  chromatic  and  spherical  residuary  aberration. 

One  of  the  finest  '*  immefsion  "  one-eighths  of  Powell  and  Lealand, 
made  expressly  for  me  in  1871,  the  aberrations  of  which  were  small 
compared  with  those  of  glasses  of  their  old  construction,  was  now  used 
to  form  the  miniature  solar  disk  on  the  stage  as  derived  from  the  distant 
prism-heliostat. 

I  then  examined  the  solar  disk  with  a  Powell  and  Lealand  one-sixteenth 
immersion-objective  (1862  make)  adapted  to  water  in  1870,  a  water- 
film  being  introduced  between  the  glasses,  whose  axes  had  been  carefully 
adjusted  to  coincidence. 

Two  overlapping  disks  were  now  seen :  each  formed  its  own  inde- 
pendent diffraction  systems  above  the  best  focus,  and  evanished  below  it 
with  a  confused  bright  halo. 

*  By  means  of  the  compensating  eyepiece. 


480  Dr.  BoystoD-Pigott  on  [June  19, 

In  order  to  determine  tbe  caose  of  this  and  to  insuie  one  asia  in  the 
solar  disk,  I .  Bubstitntod  for  the  miniature-giring  objectiTe  a  OcmrexcH 
plane  lens  of  lialf  an  inch  focus ;  and  as  this  gave  too  large  a  disk,  the 
lens  <£  the  heUostat  was  reduced  from  three  inches  to  an  inch  and  a  half 
focal  length. 

[Unless  the  solar  disk  is  reduced,  the  splendid  phenomena  of  the  rings 
cannot  be  properly  developed.  Their  number  and  colours  change  witii 
the  slightest  change  of  the  plane  of  focal  vision ;  and  a  very  fine  and 
delicate  focal  adjustment-screw,  as  well  as  great  firmness  in  the  apparatus, 
are  essential  to  a  successful  display  of  the  rings  in  all  their  wonderful 
beanty  and  complexity.] 

The  disk  formed  by  the  simple  lens  was  now  scrutinized  with  the  Powell 
and  Le^and  celebrated  immersion  "  eighth."  Deeper  eyepieces  and  a 
lengthened  tobe  were  employed  to  subdue  the  intolerable  brilliance  (^ 
the  coloured  rings  ;  they  now  exactly  filled  the  whole  field  of  view.  At 
first,  used  dry  (improperly),  this  objective  displayed  a  crimson  solar  disk 
edged  with  an  intensely  black  ring  encircled  with  a  mnch  broader  bright 
ring,  resembling  the  planet  Saturn  viewed  perpendicularly  to  the  plane  of 
his  ring.   (PI.  U.  figs.  1-3.) 

Deepening  the  focus  \vith  exceeding  lightness  of  touch,  the  central 
disk  now  became  pearly  white,  set  off  prettily  by  its  companion  black 
ring  and  a  number  of  pale  lavender,  pale  rose-colour,  and  then  brilliant 
outer  dtcles  of  bright  green,  with  intervals  of  orange-red,  and,  more  out- 
wardly, drcles  of  red  mergiug  into  ill-defined  black. 

But  as  the  glass  was  constructed  for  rision  through  a  film  of  water 
upon  a  thin  glass  "  cover,"  I  now  attached  (by  moisture)  a  small  frag- 
ment of  cover,  0003  inch  thick,  to  the  eighth,  and  delicately  focused 
down  upon  the  solar  spectrum. 

The  solar  disk  then  appeared  single,  circular,  and  bounded  hy  a  clear 
sharp  black  edge  almost  perfectly  circular. 

Upon  examining  the  axis  in  different  planes  of  vision  or  different 
sections  of  the  solar  pencil,  I  counted  no  less  than  forty-eight  munifi- 
cent rings  (including  the  black  rings  and  interspaces)  displayed  at  one 
time  in  the  same  field  of  view.  Derived  directly  from  the  sun,  with  the 
brilliance  belonging  to  total  internal  reflection,  this  rich  assemblage  of 
goi^eous  rings,  rivalling  each  other  in  prismatic  splendour,  set  off  by 
the  sharp  contrasts  of  jet-black  well-defined  borders,  and  shaded  with  the 
most  delicate  tints  melting  into  one  another  with  an  exquisite  softness, 
reminded  me  of  the  eloquent  and  glowing  language  of  the  late  Sir  John 
Herschel  when  describing  the  phenomena  of  diffraction.  Doubtless, 
however,  these  appearances  surpassed  in  intensity  and  brilliance  those  he 
described.  (PI.  II.  figs.  2  &  3.)  Careful  measurements  were  made. 
The  diameter  of  the  central  disk  y^^TS'  breadth  of  its  black  ring 

^^     My  surprise  was  further  increased  by  observing  that,  by  lengthening 
a  tube  to  increase  power,  I  was  enabled  to  cause  each  of  the  nded 
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lines  of  a  micrometric  eyepiece  (200  to  an  inch)  to  coincide  exactly  with 
the  inner  edge  of  each  black  ring ;  so  that  the  breadth  of  each  complete 
ring  was  exactly  the  same  as  that  of  the  central  disk,  viz.y^^^^  of  an 
inch.    (PI.  n.  fig.  3.) 

Slight  changes  in  the  colours  of  the  rings  were  caused  by  the  use  of  the 
Boss  collar  corrections. 


In  these  researches  a  very  near  approximation  to  achromatism  was 
signified  by  the  whiteness  of  the  central  disk,  the  blackness  of  the  fine 
rings  contrasting  finely  with  the  intervening  rings,  which  were  then  of  a 
lavender-grey  or  very  pale  and  yet  brilliant  lavender. 

Destruction  of  spherical  aberration  appeared  imminent  when  the  rings, 
still  coloured,  were  tolerably  symmetrical  on  different  sides  of  the  finest 
focus  with  contrasting  colours  of  the  residuary  spectrum.  Mechanical 
errors  were  displayed  by  irregularity  and  complexity  of  form. 

I  shall  now  venture  to  give  some  particulars  of  the  circular  solar 
spectrum  thus  formed  (as  described)  by  a  convexo-plane  lens  in  a  beam  of 
sunshine  examined  by  a  high-quality  immersion-objective  armed  with  a 
small  piece  of  broken  cover  attached  by  the  cohesion  of  water. 

Description  of  the  Mings  of  the  Circidar  Spectrum  of  a 

Convexo-plane  Lens. 


Coloured  rings. 
Solar  disk     ....   White. 
Ring  II Pale  lavender. 

IV Lavender. 

VI 

vm 

X Pale  rose. 

Xn Bright  green. 

XIV 

XVI 

xvin. . . 

XX Dark  orange. 
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XXIV.  . . 


» 


» 


»» 


»» 


>» 


j» 


>j 


j» 


>» 


>» 


j> 


>» 


j> 


>j 


Interyals, 
Primary  ring    . 
Secondary  ring 
Third  ring 
Fourth  „ 
Fifth      „ 
Sixth      „ 
Seventh  „ 
Eighth  „ 
Ninth 
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Eleventh  ring 
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Each  of  the  rings,  including  the  companion  black  or  dark  rings, 
appeared  exactly  of  the  same  breadth,  viz.  61  millionths  of  an  inch,  or 
nearly  double  the  length  of  the  wave  of  the  extreme  red  ray ;  whilst 
the  breadth  of  the  primary  black  ring  was  nearly  that  of  the  wave-length 
for  the  line  F  in  Fraunhofer's  spectrum,  viz.  0*0004606  millimetre,  or, 
since  the  French  metre  is  in  English  inches 

39-37078984, 
it  corresponds  to  52256  waves  to  the  English  inch. 


wii  (wtiinatiiiij;  the  breadth  of  tin*  priniai 
nilt'd  L,dass  microincter,  as  1  could  (h'tect  i 
of  each  riiii^,  1  IVlt  jiistifiod  iji  dividing 
mnnhcr  of  rings  in  order  to  obtain  the  breadt 
A  much  deeper  point  in  the  axis  showed  a 
paling  outwardly,  and  then  melting  into  a  fir 

The  precision  of  the  mechanical  constructi< 
thus  revealed  by  the  use  of  a  simple  convex 
deviation  from  accuracy  was  at  once  detecte 
of  the  plano-convex  lens,  consisting  of  she 
frangibilities,   having  their  several  foci  amu 
this  axis  was  necessarily  single  and  unique,  th 
especially  the  sharpness  and  intensity  of  the  j 
be  so  superbly  exhibited  by  the  best  glasses, 
them  and  dulled  the  rich  beauty  of  the  colours. 

Contrasting  with  this  the  performance  of  a 
English  and  foreign,  very  peculiar  appearance 
indicated  grave  errors  of  construction.  I  will  v 
some  of  these : — 

(1.)  A  variety  of  spurious  disks  oddly  arrang 

(EL)  The  beauty  of  the  rings  was  entirely  mn 

(in.)  Very  few  rings  could  be  developed,  and 
whatever  (PI.  II.  fig.  7,  and  PI.  lU.  ^g.  14). 

(IV.)  Notched,  grained,  and  spotted ;  the  rings 
in  shape  (fig.  12). 

(V.)  A  multitude  of  fine  black    excentric 
ttom  different  centres,  were  sepn  "»- 
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alluded  to  at  page  428,  the  microscopic  miniature-perspective  of  the  room 
and  distant  apparatus  reappeared ;  and  after  various  adjustments  I 
obtained  a  perfect  definition,  free  from  mist  and  as  clear  and  sharp  as 
that  of  an  opera-glass.  The  prism  and  lens  of  the  heliostat  then  gave  a 
pretty  picture  of  the  passing  clouds,  as  well  as  the  small  details  of  the 
distant  objects ;  but  the  instant  the  sun  began  to  shine,  before  the  rings 
dazzled  the  sight,  every  shining  point  appeared  haloed  with  a  corona  of 
orange  and  red.  I  now  turned  aside  the  prism :  then  every  polished  point 
in  the  full  sunshine  exhibited  the  same  halo.  Again  in  the  shade,  the 
picture  resumed  its  sharp  definition.  Waiting  again  for  the  sun,  forth 
shone  the  orange  haloes.  The  corrections  were  diligently  plied  till  the 
halo  nearly  disappeared.  The  sun  passed  behind  a  cloud.  To  my 
astonishment  the  former  sharp  clear  prospect  was  now  hedimmed  with  a 
general  white  inist,  obscuring  all  the  details  before  so  beautifully  clear.  The 
appearance  of  this  white  mist,  above  the  best  focal  jxnnt,  whenever 
achromatism  was  attained  by  varying  the  adjustments  of  the  screw 
collars,  now  convinced  me  that  the  modem  English  glasses,  when 
rendered  achromatic,  beget  a  residuary  spherical  aberration,  obscuring 
delicate  structures  (such  as  I  propose  to  describe  further  on)  by  a  white 
mist,  corresponding  to  spherical  overcorrection,  viz.  the  condition  of 
the  marginal  rays  for  white  light  cutting  the  axis  at  points  further  from 
the  centre  of  the  lens  than  the  central  ravs,  and  that  until  this  fact  is 
acknowledged  an  insuperable  bar  to  the  finest  definition  will  continue  to 
exist.   (Pl.IU.  figs.  8&9.) 

Dr.  Colonel  "Woodward,  U.S.A.,  having  taken  up  the  research,  declares 
he  found  it  impossible  to  photograph  the  most  difficult  beaded  objects 
unless,  upon  examining  their  image  on  a  white  screen,  he  represented 
the  beads  red  upon  a  blue  ground;  then,  using  a  solution  of  the 
ammonio-sulphate  of  copper  to  absorb  the  red  rays,  and  then  only,  could 
he  photograph  the  results  I  had  described  *  (M.  Micr.  Joum.). 

Residuary  spherical  aberration,  it  thus  appears,  is  the  chief  cause  of 

*  In  oonfirmation  of  the  same  principle  the  late  Hot.  J.  B.  Beade,  RB.S.,  wrote  ^ : — 
"  Dr.  Pigott  has  made  also  a  Tery  decided  adyanoo  in  the  better  correction  of  resi- 
duary aberration,  a  point  which  has,  I  belieye,  been  almost  completely  ignored  (nay 
eren  denied),  until  recently,  by  accurate  observers  as  well  as  distinguished  opticians. 
From  my  own  experience  in  Dr.  Pigotf  s  studio,  I  have  no  doubt  that  his  colour-test 
— a  most  interesting  feature  in  his  experiments — is  the  result  of  his  finer  balance  of  the 
aberrations  .  .  .  This  new  fact  is  one  of  the  most  striking  phenomena  in  microscopical 
science  of  the  present  day 

"Whether  this  colour-test  is  explained  on  the  theory  of  vibrating  wave-length 
corresponding  to  the  infinitesimal  thicknesses  of  films  ...  or  upon  their  radiation, 
refraction,  and  internal  reflection  of  the  spherical  beads  of  which  all  scales  and  diatoms 
appear  to  be  built  up,  are  questions  so  recondite  as  to  be  worthy  of  the  considera- 
tion of  the  most  advanced  physicists  of  the  day." 

As  residuary  aberration  is  still  denied,  I  may  be  permitted  to  quote  '  The  Student ' 

^  Popular  Scienee  Beview,  p.  147»  No.  35,  1870. 
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iynifi  ravs,  eitluT  hv  iisiiiji  a  nioiio 
uplaiiatisin,  or    usini^  hlfiis/i-t/rci'ii    ur  Idm-  tj 
for  glas'^es  may  \mi  ai)lanatic  to  one  ray  and 
ivt'rantribilitv. 

Before  coucluding  this  part  of  the  paper 
a  few  practical  conclusions  for  those  who  i 
line  of  research : — 

1.  As  stated  in  the  paper  "  On  a  Searcher 
garding  a  convex  lens  as  underoorrected,  uc 
the  appearance  of  the  rings  below  or  beyond  t 
ment  into  mist  above  it. 

2.  Similarity  in  the  rings  on  both  sides  (w 
denotes  a  balance  more  or  less  delicate  of  the  i 

8.  An  excentric  position  of  the  solar  disk  ai 
more  doeely  on  one  side  than  the  other  of  the 
paraUelism,  but  non-coincidence,  of  the  axet 
divergent  pencils  (figs.  28  &  29). 

4.  Bare  and  beautiful  forms,  resembling  pan 
made  up  of  ellipsoid,  parabolic,  or  hyperbolic 
obUqnity  (figs.  16-34). 

5.  Their  form  depends  on  the  nature  of  the 
*  the  mode  of  arranging  the  axis  of  the  cone  of  n 

6.  Inaccurate  centering  of  the  component  len 
or  in  the  observing  or  miniature-making  objectiv 
tuming  ^  patterns  and  the  appearance  of  two  or 
smallest  focal  spectrum. 

7.  The  apparatus  necessary  to  display  thesA 
be  exceptionAllv  *•'*'• — 


■Hi 


1873.]  Circular  Solar  Spectra.  485 

colour  be  made  to  disappear.  A  white  centre  and  exceedingly  black 
rings,  interspaced  with  a  pale  lavender  and  rose-colour,  were  the  nearest 
approaches  to  perfect  achromatism  which  I  could  produce. 


On  the  Aberrations  of  Eyepieces,  with  suggestions  for  forming  a  Compenr' 
sating  Eyepiece  for  Miscroseopes  and  Telescopes,  on  the  principle  of 
searching  the  axis  for  Aplanatie  Images, 

The  Astronomer  Eojal  has  given  an  account  of  a  trial  of  several 
kinds  of  eyepieces  and  some  of  their  bad  effects  *. 

The  use  of  a  solar  disk  formed  by  an  eyepiece  fixed  close  to  the 
prism-heliostat  deprived  of  its  lens,  and  examined  by  the  method 
already  described  by  means  of  accurately  corrected  objectives,  places  the 
achromatism  of  the  eyepiece  under  a  severe  scrutiny.  Very  rich  and 
beautiful  colours  are  developed  in  the  solar  rings  (previously  obtained 
as  pale  as  possible),  corresponding  to  the  extent  of  the  chromatic  errors. 
A  Huyghenian  eyepiece  was  placed  close  to  the  heliostat,  so  as  to  form  a 
brilliant  disk  of  the  sun ;  the  adjusted  spectrum-apparatus  immediately 
flashed  with  brilliant-K^oloured  rings,  before  this  appearing  pale  lavender 
and  white. 

During  the  use  of  the  searcher  for  aplanatie  images,  it  occurred  to  me 
to  investigate  the  effects  of  pushing  the  eyepiece  gradually  nearer  the 
object-glass  without  a  searcher. 

I  discovered  that,  when  within  four  inches,  the  definition  showed 
violent  undercorrection. 

J  now  conceived  the.  idea  of  substituting  a  traversing  movement  of  the 
eyepiece,  especially  for  glasses  unprovided  with  a  Eoss  collar,  as  a 
correction  for  thickness  of  cover. 

A  very  firm  sliding-tube  was  constructed ;  and  I  now  found  I  had 
substituted  a  range  of  several  inches,  as  a  correction,  for  that  of  a  few 
hundredths  of  an  inch  used  in  the  Eoss  adjustment. 

Experiment, — ^Adjusting  the  apparatus  and  the  screw  collars  of  the  ob- 
jectives for  severe  testing,  a  bunch  of  small  glass  drops,  of  diameter  0*04 
inch,  was  suspended  in  front  of  the  heliostat,  so  as  to  present  a  minute 
image  of  the  sun.  The  searching  eyepiece  being  placed  at  10  inches 
distance  from  the  stage  of  the  microscope  in  the  plane  of  which  the  solar 
disk  is  formed,  and  the  minute  solar  disk  observed  in  a  state  of  balanced 
corrections,  it  was  found  that  as  the  eyepiece  was  traversed  towards  the 
disk  it  became  gradually  more  and  more  imdercorrected. 

It  now  became  evident  that  this  movement  was,  upon  a  large  scale, 
equivalent  to  the  effect  of  the  Eoss  collar  movement  upon  a  minute  scale. 

It  now  occurred  to  me,  as  a  thick  cover  and  a  water-film  overcorrected 

*  Astronomical  Notices. 


V  urrird  I'll)  air,  the  ''critical  aii!^l("< "  of 
♦  Irtvriniii*.*  tlu'  loriii  ot"  tlu'caustic  bciiii^  S( 
i^la>s  into  \vat«*r  than  into  air.     1  have  slio 
(»t   tlir  cone  ot"  nivs  t ran siui tied  from  a  nul 
Olid  surmouuted  with  a  thin  glass  cover  is 
water  than  vid  air ;  that  result  is  explanat 
of  the  immersion  lens.] 

The  question  of  the  spherical  and  chrom 
has  occupied  the  attention  of  the  most  distin 
may  theoreticaliy  be  considered  nearly  ex 
detection  of  its  existence  is  known  to  few,  a 
with    the  objective  aberration.      The  methi 
applicable  to  eyepieces  as  to  objectiyes.     (Ap) 

The  construction  of  a  compound  compensal 
be  almost  perfectly  free  from  this  residuum  ne 

From  the  discovery  that  the  advance  of  an 
jective  caused  a  violent  undercorrection  in  the  r< 
evident  that  a  shortened  microscope  could  be 
eyepiece  nearly  free  from  the  usual  aberration) 
were  properly  overcorreeted,  as  compared  with  it 
standard  distance  of  ten  inches. 

The  new  eyepiece  is  finally  corrected  on  th 
(herein  described),  being  regarded  and  treated 
object-glass,  considering  the  exceedingly  smal 
oonveniently  be  formed  of  slightly  overcorrect< 
pensated  by  a  variable  interval.  I  have  found 
dently  deep,  mounted  with  a  low  eyepiece. 
compensating  eyepiece  for  the  ordinary  deep  1 
degree  of  comfort  in  observation  n^.^ 
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2.  Various  eyepieces  \Tero  inserted,  and  the  lenses  A,  B  separated  or 
closed  more  or  less  till  the  most  perfect  definitioQ  was  attained. 

3.  Novr,  regarding  the  instrument  as  a  perfectly  corrected  compen- 
sating  eyepiece,  it  is  transferred  to  the  tube  of  another  microscope,  the 
objective  of  which  is  again  adjusted  by  the  screw-collar  for  the  most 
distinct  definition. 

Tested  on  the  principles  glanced  at  in  this  paper,  the  corrected  c<»a- 
pensating  eyepiece,  free  from  the  usual  aberrations,  may  be  confidently 
employed  t«  test  the  circular  solar  spectrum  of  a  minute  distant  solar 
heliostat-disk,  formed  in  its  focal  plane,  by  the  objective  also  of  a  proposed 
telescope. 

On  neiv  A'ljuslmenli  /or  the  Ohjeet-gXaua  of  Ttlaeopet  and  eomptntationM 
for  residuary  variation*.  ■ 

Applied  to  telescopes  the  compensating  eyepiece  is  adjusted  some- 
nhftt  differently. 

The  instrument  having  been  severely  tested  for  an  uncovered  object, 
and  used  for  this  purpose  as  a  compound  microscope  (its  front  glasses 
A,  B  being  considerably  overcorrected  when  tried  for  ten  inches),  the 
telescope  is  directed  to  the  solar  disk  formed  at  as  great  a  distance  as  is 
attainable  by  a  prism-heliostat ;  the  condition  of  the  diffraction-rings 
will  then  dispky  the  state  of  the  telescopic  objective. 

If  several  eyepieces  and  adjustable  lenses  ore  applied  in  succession, 
under  precautions  (such  as  securing  a  sufEcieatly  small  and  distant 
solar  diak),  the  aberrations  of  the  telescope  can  be  accurately  observed*, 

A  careful  consideration  of  the  compensations  effected  in  the  microscope, 

(1)  by  separating  the  objective  lenses, 

(2)  by  separating  the  ejrepiece  lenses, 

(3)  by  traversing  the  eyepiece  in  search  of  aplanatic  images, 
leads  to  the  conclusion  that,  provided  the  front  lenses  of  the  compen- 
sating eyepiece  be  separable  more  or  less,  and  the  distance  between 
them  and  the  eyepiece  be  somewhat  variable,  then  a  new  correctian  for 
the  telescope  is  given  by  also  separating  the  component  lenses  of  its 
object-glass  by  minute  inten'ols. 

To  accomplish  this  accurately,  sliding  telescopic  tubes,  one  carrying 

ooQstrocted  and  employed ;  bat  tbe[r  oorrection  is  much  mora  tedionslj  sttained  Uuui 
b;  lepsmble  seta  of  lense*. 

*  The  eyepiece  raoomniaDdrd  to  tbut  («t  tbe  goUr  disk  form»d  by  a  tclcMope  ii  to 
ba  used  preciul;  upon  the  nme  principles  h  ■  microaoope  ;  the  grsater  tbe  tperturs 
of  the  teleseope  the  greater  will  be  the  power  ipplicsble,  i.  e.  bj  deeper  eyepieces  and 
objectiTee,  vhich  muat  hiiTe  nucb  more  widelv  separable  lenHH  thsn  usual  for  "  oover 
oorrection,"  u  regards  screir-collar  (djiutmentii,  if  emplojed  in  order  to  oompenMta 
for  ebortneee  of  bodj.  The  aperture  employed  by  thii  eyepiece  in  bU  eases  equsli  the 
angular  apertare  of  the  otyeot-glaH  of  the  (eleacope  at  the  focus  of  tbCBre-lena, 
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the  flint  glass  and  anotKeiP  the  crown,  are  furnished  with  long  rods 
terminating  with  similar  screws  with  divided  heads. 

If  on  testing  the  telescope  severely  by  applying  a  microscope  accu- 
rately adjusted  to  the  solar  disk,  diminished  sufficiently  by  a  distant 
inverted  objective  in  front  of  a  heliostat  described,  the  telescope  object- 
glasses  be  overcorrected,  the  separable  lenses  of  the  telescopic  object- 
glass  will  require  closing  together  slightly  by  moving  the  sa«w-beads 
through  equal  spaces ;  and,  vice  vergd,  slight  residuary  aberrations  will  be  also 
affected  by  changes  in  the  compensating  eyepiece.  The  tubes  should  be 
ground  (in  the  manner  of  making  levels)  truly  to  preserve  the  centering 
of  the  objective  lenses. 

Another  form  of  correction  is  the  concave  achromatic  lens,  now  called 
the  Barlow  lens.  If  this  lens  be  formed  of  an  overcorrected  combinar 
tion,  its  effect  on  the  final  aberration  wdll  vary  as  it  receives  a  larger  or 
smaller  pencil,  i,  e,  as  its  position  between  the  eyepiece  and  objective  of 
a  telescope  or  microscope  is  made  to  vary.  The  traversing  principle 
here  advocated  has  therefore  several  important  advantages  worthy  of 
investigation,  and  may  possibly  form  a  correction  for  changeable  refrac- 
ting powers  of  the  atmosphere. 


In  the  compensating  eyepiece  a  large  visual  pencil  is  substituted  for  a 
minute  one  and  the  same  ease  and  comfort  is  obtained  with  it  as  if  the 
linear  aperture  of  the  telescope  were  greatly  enlarged.  An  ocular  of 
one-inch  focus  may  be  used  instead  of  another  ten  times  as  deep. 

Slight'  changes  in  the  over-  or  undercorrection  of  the  telescope 
depending  on  the  changeable  density  of  the  atmosphere  may  also  pro- 
bably be  compensated  by  over-  or  undercorrecting  this  eyepiece. 

Moreover  the  special  aberrations  of  the  eye-glasses  may  be  ameliorated 
by  a  slight  change  of  form  and  an  alteration  in  the  inten^al  betv^-een 
them. 

'NoTH.—  Jmu  25,  1873. 

The  scarcity  of  sunshine  this  year  has  prevented  me  carrying  out  a 
complete  series  of  experiments  in  telescopes.  My  excellent  8j-inch 
Bro\^aiing  equatorial  (one  of  his  very  best)  shows  little  spherical  aberra- 
tion. Two  very  good  achromatic  telescopes  with  the  ordinary  eyepieces 
gave  imperfect  jet-black  rings,  few  in  number,  with  the  ordinary  Huyghe^ 
nians  ;  but  with  the  compensated  eyepiece  I  counted  six  intensely  blacJi 
rings.     The  definition  was  excellent. 

I  trust  observers  with  more  convenient  appliances  and  range  of  pros- 
pect will  be  induced  to  try  a  series  of  experiments  on  correcting  residuary 
aberration  in  their  telescopic  object-glasses  by  the  methods  here  laid 
doxi'n,  and  the  writer  will  at  any  time  be  honoured  by  exhibiting  to  them 
some  of  the  phenomena  here  described,  as  already  done  to  Dr.  Oladstone, 
F.R.S.,  and  Mr.  Beaumont,  F.E.8. 
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Appendix. 
A. — Definition  of  minute  organic  particles, 

A  new  fiftieth  immersion  lens,  price  thirty  guineas,  has  been  made  for 
me  by  Messrs.  Powell  and  Lealand ;  with  this  glass,  without  any  obli- 
quity, and  using  a  tube  four  inches  shorter  than  usual  and  a  B  eyepiece, 
the  upper  continuous  ribs  of  the  Podura  were  resolved  into  strings  of 
blue  sapphire-like  beads  appearing  perfectly  circular.  The  interspaces 
between  the  markings  at  a  lower  focus  showed  lower  strings  of  white 
beads. 

Monads  appeared  blue,  swimming  about  in  the  water  used,  and  also 
lying  in  well-defined  masses  ;  some  of  them  could  be  seen  to  rotate  ;  the 
cilia  were  invisible,  but  the  movements  gave  strong  indications  of  them. 
—April  21,  1873. 

A  blue  glass  improved  the  definition.  Coal-oil  lamp  and  IJ-inch  open 
condenser  object-glass. 

At  present  nothing  is  more  difficult  of  definition  in  the  microscope 
than  an  assemblage  of  minute  r^racting  organic  particles.  Virtually 
forming  disks  of  light,  these  display  the  diffraction-errors  and  phenomena 
more  or  less  vividly.  No  English  microscopist  has  yet  succeeded,  so  far 
as  is  known  to  the  writer,  in  displaying,  in  the  apparently  blank  spaces, 
the  beaded  structure  seen  between  the  celebrated  exclamation-markings 
of  the  Podura  test-object.  Here  a  closely  packed  mass  of  organic  particles, 
highly  refractive  and  transparent,  obscure  each  other ;  brilliant  points  are 
swelled  out  exceedingly,  for  a  theoretical  solar  disk  one  millionth  of  an 
inch  *  in  diameter  appeared  as  large  as  a  disk  the  sixty  thousandth.  To 
define  accurately  bright  organic  particles,  such  as  those  of  the  smallest 
test-Po^Zura,  the  molecules  of  cancer-cells  and  other  diseased  forms,  and 
monads  (minute  atoms  of  metal  by  reflected  light  might  also  be  named), 
is  at  present  impossible  ;  when  such  delicate  forms  are  in  quest,  all  rays 
of  an  aberrating  character  must  necessarily  be  extinguished. 

Illuitration, — Examining  with  an  excellent  new  -^  immersion  at 
sunset,  as  already  alluded  to,  it  was  only  when  a  peculiar  bluish-green 
of  the  sky  was  thrown  by  an  open  excellent  l^-inch  objective  glass 
condenser  upon  the  stage  that  the  internal  organic  particles  of  a  deli- 
cate Poe^uro-scale  became  visible.  Doubtless  in  this  case  the  diffrac- 
tion-spectra here  had  reached  a  minimumt.  In  the  Retails  given  in  the 
accompanying  note  several  points  are  particularly  worthy  of  notice — ^the 
nse  of  an  intermediate  lens  (amplifier),  the  sudden  appearance  of  organic 

*  EmiIt  formed  by  plnoing  a  minute  lefis  befofe  the  heliostat. 

t  Br.  J.  J.  Woodwaurd,  U.S.  Army  Mueeiim,  has  published  a  remi^kable  confirm«« 
tion  of  thi*  point  The  existence  of  intercostal  beading,  first  disooyered  by  the  writer  in 
1862  and  paUisfaed  in  May  1869,  has  been  (and  still  is)  disputed  by  English  obeerrers 
in  no  amieafale  spirit     He  states : — 

**  Shortly  after  my  paper  had  been  forlrarded  I  receired  a  visit  from  Mr.  Joseph 
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particlea,  raouoehromatic  light,  and  the  riew  of  a  higlier  focal  plane  than 
that  which  showed  the  markings . 


The  spherical  aberration  of  positive  eyepieces  may  be  examined  u 
follows  : — 

The  positive  in  aa  inverted  position  is  placed  under  the  stage,  and 
forms  an  imnge  of  the  solar  disk  for  examinatitttt. 

BESCRJPTIOK  OF  THE  PLATBS. 
Circular  Solar  Sjiafrum. 


Fig.  1.  Vt'imarj  rings  find;  dcflQcd  at  the  Grat  -risible  focal  pkne. 

rig.  2.  Secondary  rings,  at  a  deeper  focus.    Tlie  oentral  disk  sbouU  hare  bsen  tquand 

off, 
Kg.  3.   Exhibition  of  Ibe  greatMt  displa;  of  rings,   each  annului  baring  ita  own 

breadth  equal  tn  that  o(  the  central  disk,  which  U  a  tnilliant  vhite,  tbe  sue- 

ceoding  lavender,  rose-colour,  and  rod  rings  se[>u«t«d  bj  dark  rings,  the  flnt 

foff  of  whicli  are  jet-black. 
Figs.  4,  5,  Q,  7.  Dcrotopoinit  or  t<ro  disks  instead  of  one ;  .aliu  of  four  irregular  di^ 

showing  the  oljstenoo  of  displaced  centres  and  irregular  diffiraetiona. 

Phun  in. 

Fig*.  8, 0.  The  miniature  proipect  of  (he  distant  window  is  displaced  sharpi;  in  fig.  8. 
Bo  soon  aa  the  nun  began  lo  sbine,  the  blazing  prism  bdng  quenched  bj  Uinuag 
it  aside,  ever;  brilliant  point  became  irradiated  with  an  orange-red  bato 


Beck,  who  is  spending  some  months  in  tbo  United  Slates.  He  eihibitcd  to  me  (with  hi* 
flne  high-power  objcctiyes)  several  slides  of  the  sfale  of  the  Lepidocyrlut  curvictiBi* 
[test-scale  iWuni]  collected  bf  himself  from  carefully  identiSed  inaecla.  lie  aimed 
at  the  eiliibition  of  the  exclamation- mark 9,  oh  such,  using  a  right-angled  prism,  achro- 
matic condenser,  and  small  coal-oil  lamp.  Before  learing  Washington  be  was  to  good 
as  to  give  mo  one  of  these  slides,  indicating  on  it  a  scale  which  appeared  particularlj 
adapted  to  the  display  of  the  exclamatiDn-marbs.  Certainly  this  scale,  which  ws« 
,lg  of  an  inch  in  length  and  rki  broad,  surpassed  in  the  distinctness  of  ila  mark- 
ings an;  of  the  scales  of  this  species  which  have  hitherto  come  into  mj  posaesuon. 
With  central  nmnochrontatu:  light,  the  immersion  , Viand  amplifier,  I  obtained  a  Mga* 
live  showing  the  eiclamation,  marks  better  (ban  any  representation  of  Uie  kind  I  have 
jot  been  able  to  obtain.  I  send  herewith  a  paper  print.  The  magnifying-power  ii 
saw  diameters."   (Dr.  Woodward  also  faroured  the  writer  with  copies.) 

"  But  immediately  aRcrwards,  with  tbe  eamo  optical  combination  and  magnifjing- 
powec,  without  any  change  in  the  coTcr  correction,  by  simply  rendering  the  illumi- 
nating pencil  oblique,  and  iligAfly  tei/Adrawing  the  objective  from  its  Jlrtt  focal  potitum, 
loblaiueda  negative  which  displajs  the  "  head -like  "  or  laricose  ippeanuioe  of  the 
ribbing  more  satisfactorily  tlian  I  had  preriouily  been  able  lo  do."  (Month.  HioT. 
Joum.,  June  1871,  p.  ^5.)    [Tbe  writer  has  italicirtj  the  quotation.] 
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(fig.  0).  If  the  colour  were  corrected  by  change  of  the  general  adjuBtmcnti 
so  as  to  destroy  halo,  then  the  prospect  in  fig.  8  became  enveloped  in  a  strong 
white  mist  of  uncorr^ed  residuary  aberration. 

Figs.  10,  11.  The  slight  deriations  from  the  true  circular  form,  owing  to  imperfect 
glasses,  are  here  well  represented. 

Fig.  12  displays  the  very  delicate  engine-turned  pattern  and  obscuration  of  the  diffrac- 
tion-rings by  a  badly  constructed  glass  (cheap  German). 

Fig.  13  shows  a  delicate  set  of  rings  between  the  coarser,  expanding  by  a  change  of 
focus  in  a  different  manner.  The  approaching  halo  and  fog  are  well  deli- 
neated. 

Fig.  14  shows  the  blurred  appearance  of  the  rings  when  the  spherical  aberration  is 
excessiYe ;  similar  also  to  the  evanishing  spectrum  occurring  before  the  fog 
appears. 

Plate  IV. 

Fig.  15.  In  this  cafe  the  heliostat  was  placed  nearly  forty  feet  distant.  The  internal 
lenses  of  a  fine  ^  objective  being  all  removed,  the  thick  front  only  was  employed 
to  form  the  miniature  on  the  stage.  A  peculiar  irregularity  in  the  central  jet- 
black  rings  is  supplemented  by  extraordinary  exoentric  lines  bordered  by  a 
new  order  of  peripheral  rings,  obeying  a  different  law  of  expansion.  Viewed 
under  Powell's  best  dry  ^,  a  half-inch  single  plano-convex  lens  being  used  as 
eyepiece. 

The  next  figures  illustrate  the  effects  of  obliquity,  the  previous  drawings  exhibiting 
various  effects  during  coincidence  of  the  axis  of  the  microscope  with  that  of  the  miniature- 
forming  lens. 

Figs.  16  k  17  represent  a  very  beautiful  variety  of  hyperbolic  diffraction-lines  seen 
when  the  axis  of  the  solar  ray  is  inclined  about  6  degrees  to  that  of  the 
microscope.  ^Distanceof  heliostat  20  feet,  magnify ing-power  1000.  Powell's 
best  \  forms  the  miniature  observed  with  best  dry  eighth. 

Fig.  17.  Miniature  objective,  a  -j^  Gundlach  immersion  used  dry.  Micropcope  ob- 
jective best  ^  dry  eyo-Icns,  piano  half-inch,  parabolic  curves  and  fine  dif- 
fractions, obliquity  5  degrees. 

Fig.  18.  The  appearance  within  the  focus  of  the  best  and  first  resolution  of  the  fog  of 
undercorrection. 

Fig.  19.  Slight  obliquity  and  undercorrection. 

Plate  V. 
Figs.  20,  21,  22.  Best  ^  and  ^  plano-concave  stage-lens. 

The  circular  spectra  here  delineated  are  produced  by  slight  obliquity,  and  represent 
the  appearances  at  different  focal  planes.  The  colours  are  extremely  brilliant,  and  the 
lines  perfectly  sharp  in  their  tracery. 

Fig.  23  shows  the  lines  formed  by  the  circular  solar  spectrum  viewed  with  the  greatest 
obliquity  attainable,  the  elliptic  lines  representing  a  plane  cutting  both  side 
of  the  cone  of  converging  rays. 


Figs.  24  &  25  introduce  a  new  order  of  figures  formed  by  placing  a  mercurial  globule 
10  inches  from  the  stage,  and  placing  the  1^-inch  objective  condenser  with  its 
axis  considerably  inclined  (an  angle  of  \b°)  to  that  of  the  microscope ;  the 
images  of  the  solar  disk  then  took  these  and  the  forms  in  figs.  26-34,  as  seen  with 
a  microscope  armed  with  a  good  eyepiece  (Kellner  1-inch)  and  a  fine  i  objec- 
tive. 
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pLiTB  VI. 

Thii  FUto  gi*M  TMimu  tot;  bakuliful  (mufonnatiaii*  of  &a  oimilu  kUmi  tfedt* 
H  sMm  by  TieirinB  the  wUr  dUk  of  the  mcreunal  globnl*  portmyrf  obUqudj  on  the 
lUge,  which  TU7  in  tbeit  fontw  woording  M  tha  glum  an  under- oi 
di^ioted  in  the  figure*,  which  it  is  oesdleM  b«e  to  dMoribe  in  daUil. 
fig.  SI  ii  Miotbar  fam  of  maruurial  ^obole,  beautifull;  dafinad. 

He  Ogam  diiplajcd  bj  the  uAgnified  utiSeial  wtar  for  obliqu* 
proUbte  that  the  obliquely  illuminated  meroury  globala,  Tiewtd  dinotl^  in  doM 
proiiini^  to  the  Tront  glae*  of  the  microaeope  upon  the  atiii^,  ii  a  Terj  inperfeot  teat ; 
and  the  melhoda  here  dncribed  are  aobmiUed  aa  poaseaaing  rery  auperior  delioacj  and 
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The  Btudy  of  colouring-mattera  as  deecribed  in  the  foUowing  paper 
requires  the  use  of  a  somewhat  special  kiud  of  chenuBtiy  and  of  Bpecbx)- 
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Bcopic  inBtruments  designed  for  the  purpose,  but  yet  it  cannot  be  looked 
upon  as  being  either  chemistry  or  spectrum-analysis.  It  is  also  requisite 
to  make  use  of  light  as  a  reagent,  and  yet  the  subject  could  not  be  called 
photography  or  ev^  photo-chemistry  \  and  though  most  intimately  era* 
nected  with  biology,  it  could  scarcely  be  regarded  as  a  branch  of  that 
science.  It  appears  to  me  most  desirable  to  adopt  some  name  for  the 
whole  subject,  including  whatever  modifications  of  other  branches  of 
science  are  requisite  for  its  efficient  study,  and  none  would  meet  the 
requirements  of  the  case  better  than  Chramaiohgy,  I  trust  that  the  facts 
I  am  about  to  describe  will  be  sufficient  to  show  that  we  have  such  a 
wide  branch  of  science  before  us  that  it  deserves  some  special  name. 
Then,  again,  since  I  now  purpose  to  describe  the  points  of  agreement 
and  difference  in  the  colouring-matters  of  various  classes  of  plants,  it 
appears  to  me  that  no  better  title  could  be  adopted  than  the  one  I  have, 
chosen,  viz.  Comparative  Vegetable  ChromatoJogy. 

My  attention  has  been  for  a  long  time  directed  to  the  colourings 
matters  of  plants,  but  it  is  only  within  the  last  year  that  I  have  dis* 
covered  the  means  of  carrying  out  the  inquiry  in  a  satisfactory  manner, 
and  convinced  myself  that  the  most  valuable  conclusions  are  to  be  learned, 
not  by  looking  for  the  rarer  or  more  attractive  substances  which  give 
remarkable  spectra,  but  from  the  qualitative  and  quantitative  determina^ 
tion  of  the  different  coloured  constituents  of  complicated  mixtures,  some 
of  which  substances  have  no  striking  properties,  and  might  easily  be 
overlooked,  though  perhaps  of  great  importance  in  connexion  with  the 
life  of  particular  plants.  The  successful  carrying  out  of  this  inquiry 
will  necessarily  be  the  work  of  years ;  for  not  only  is  the  whole  field 
comparatively  unexplored,  but  it  will  be  requisite  to  examine  all 
classes  of  plants  and  many  of  animals,  at  various  seasons  of  the  year 
and  when  growing  in  different  natural  and  artificial  circumstances,  and 
also  to  study  the  relation  of  the  different  colouring-matters  to  one 
another,  and  the  action  on  them  of  light  and  chemical  reagents.  In 
every  department  of  the  subject  very  interesting  questions  i*emain  to  be 
answered ;  and  the  following  paper  must  be  looked  upon  merely  as  a 
general  outline  of  what  I  have  Idtherto  been  able  to  learn,  and  as  an 
indication  of  what  may  be  expected  to  result  from  further  research. 

The  Absarptionrband-raising  Power  of  Solvents, 

The  identification  of  the  individual  colouring-matters  has  been  effected 
by  means  of  their  spectra,  sometimes  as  seen  by  examining  the  plants 
themselves,  but  generally  when  dissolved  in  various  liquids,  with  or  with- 
out the  addition  of  appropriate  reagents ;  but  any  other  peculiarities  were 
taken  advantage  of,  according  to  the  circumstances  of  the  case.  For 
further  particulars  connected  with  the  general  method  I  refer  to  my 
former  papers*. 

*  Proo.  Boy.  Soo.  1867,  vol.  xr.  p.  433.    Quart  Joum.  of  Microscopical  Science, 
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Here,  however,  I  would  remark  that  the  exact  positioii  of  the  absorp* 
tion-band.x  giTen  by  particular  eubstances  Taries  considerably,  according 
to  the  nature  of  the  solvent,  even  though  it  is  quite  neutral  and  exerta 
no  chemical  action  on  the  colouring-matter.  Thus,  for  example,  the  bands 
may  lie  much  nearer  to  the  red  end  vhen  dissolved  in  bisulphide  oE 
carbon  than  wheu  dissolved  in  benuile  or  absolute  alcohol.  This  Und  of 
fact  has  been  often  noticed  by  others,  bat  its  bearing  on  some  important 
questions  has  generally  been  overlooked.  Apparently,  as  a  rule,  the 
bands  are  more  raised  towards  the  blue  when  the  colouring-matter  is 
dissolved  than  when  in  a  solid  state,  and  this  power  of  raisiog  them 
varies  with  the  solvent ;  but  the  extent  also  depends  very  much  on  each 
particular  substwice.  I  have  carefully  detennined  the  order  in  which 
Tarioue  liquids  thus  raise  bands,  and  compared  it  with  the  order  of  their 
specific  gravity,  and  of  their  refractive  and  dispersive  power,'  but  have 
hitherto  failed  to  recognize  any  simple  connexion  between  what  may  be 
called  the  band-Taising  pmoer  and  any  ot^er  physical  property.  In  stmie 
cases  the  position  of  the  bands  given  by  the  solid  substance  appears  to 
vary  acconling  as  it  is  in  a  colloid  or  a  crystalline  state.  Though  at 
first  this  difference  in  position  may  seem  to  be  an  objection  in  the  use  of 
the  spectrum  method,  yet  it  only  shows  the  need  of  comparing  together 
our  spedmens  in  exactly  the  same  condition,  and  it  may  be  taken  advan* 
t^e  of  as  a  means  for  diBtinguishing  closely  allied  substances  which  may 
be  influenced  in  a  very  different  manner  and  for  enabling  us  to  ascertain 
the  condition  of  a  colouring-matter  as  it  exists  in  an  animal  or  plant.  It 
is  thus  possible  to  determine  whether  it  is  in  a  free  state  or  dissolved  in 
an  oil  or  wax,  and  in  the  latter  case  whether  it  is  liquid  or  solid.  In 
this  manner  I  have  been  able  to  detect  a  difference  in  the  relative 
quantity  of  oil  in  different  parts  of  the  snme  leaf.  Various  forms  of 
spectrum-microscopes  were  employed,  according  to  the  requirements  of 
the  case ;  and  the  amount  of  material  at  command  would  often  haie  been 
too  small  for  examination  with  any  other  kind  of  instrument ;  so  that  I 
think  1  may  fairly  say  that  comparative  vegetable  chromatology  is  the 
first  great  subject  which  has  resulted  from  the  use  of  the  spectrum- 
microscope. 

Sej^aralion  of  Cohuring-matteri  by  cftemieal  meana. 
On  the  present  occasion  I  propose  to  consider  almost  exclusively  those 
colouring- matters  which  are  soluble  in  bisulphide  of  carbon  and  in  fixed 
oils,  but  insoluble  in  water.  These  appear  to  be  by  far  the  most  im- 
portant in  connexion  with  plant  life,  or  at  all  events  are  more  uniformly 
distributed.      Those   soluble   in  water  and  insoluble  in   bisulphide  of 

1660,  ToL  ix.  pp.  43  &  3G8 ;  1871,  toL  x\.  p.  21&.  Monthl;  Mici«Kopiml  Joumil, 
1B7(\  vol.  iii.  p.  229;  1671,  vol.  vi.  p.  124.  Quarterly  Joarnal  of  Science,  1871,  vol  i. 
p.M. 
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carbon  or  fixed  oils  are  mucU  more  numerous,  and  often  very  parti&ltj 
ami,  as  it  were,  accidentally  present :  those  of  the  former  class  may 
often  be  Beparat«d  from  one  another  by  means  of  bisulphide  of  carbon, 
alcohol,  and  wat«r,  mixed  in  proper  proportions.  As  an  illustration  I 
take  the  very  simple  case  of  oHve  Alr/a,  like  Fmus  or  Laminaria.  They 
should  be  well  crushed,  slightly  dried,  and  heat«d  in  spirits  of  vine  of 
the  usual  strength.  Absolute  alcohol  must  not  be  used,  since  it  dissolves 
out  the  chlorophyll  in  such  a  manner  that  it  is  not  carried  down  as 
usual,  when  agitated  with  bisulphide  of  carbon.  When  cold  the  solu- 
tion should  be  agitated  in  a  test-tube  with  so  much  excess  of  the  bisul- 
phide that  a  considerable  quantity  subsides  to  the  bottom,  carrying  with 
it  the  whole  of  the  orange  xanthophyll"  and  the  greater  part  of  the  blue 
chlorophyll,  leaving  some  of  the  latter  in  the  alcohol  along  with  nearly 
all  the  fucoxanthine  and  chlorofucine.  This  solution  should  then  be  re- 
moved  by  a  pipett«,  and  agitated  with  a  fresh  quantity  of  bisulphide,  the 
process  being  repeated  until  it  subsides  with  only  a  very  slight  tinge  of 
green.  The  alcoholic  solution,  on  being  evaporated  and  treated  with 
bisulphide,  yields  approximately  pure  fucoxanthine.  Uniting  the  different 
lots  of  bisulphide  containing  chlorophyll,  and  agitating  them  over  and 
over  again  with  fresh  spirit,  taking  care  that  a  small  excess  of  bisulphide 
is  always  present,  the  whole  of  the  chlorophyll  may  be  removed,  and  the 
orange  xaathophyll  left  in  the  final  residue.  On  adding  a  little  water  to 
the  washings  containing  the  chlorophyll,  the  diaolved  bisulphide  is  pre- 
cipitated, carrying  down  all  the  chlorophyll.  By  proceeding  in  a  similar 
manner,  with  or  without  the  addition  of  weak  acids  or  alkalies,  various 
other  colouring-matters  found  in  plants  may  be  more  or  less  perfectly 
separated.  All  these  processes  should  be  carried  on  without  exposure 
to  strong  daylight,  or  else  some  of  the  constituents  might  be  in  great 
measure  destroyed. 

Photochemical  Analysis , 
There  are  many  cases  in  which  certain  colouring-matters  cannot  be 
separated  in  a  satisfactory  manner  by  merely  chemical  methods,  and  then 
fortunately  we  are  able  to  resort  to  what  1  propose  to  call  photoeAtmical 
mialifsit.  The  action  of  light  on  the  coloured  constituents  of  plants  was 
made  the  subject  of  an  excellent  memoir  by  Herscbel,  published  in  the 
Philosophical  Transactions  for  1842,  p.  181 ;  but  the  object  he  had  in 
view  and  the  methods  be  employed  were  altogether  different  to  mine. 
He  adopted  no  means  for  separating  the  different  constituents  of  the 
plants,  and  some  of  his  solutions  probably  contained  as  many  as  ten 
different  ccdoured  substances ;  and,  moreover,  at  that  time  no  attention 
had  been  paid  to  their  spectra.  He  exposed  paper  coloured  with  such 
mixtures  to  the  solar  spectrum,  so  as  to  leam  the  effect  of  each  portion; 
and  his  results  are  of  great  interest,  as  showing  that  the  decomposition 
*  The  exact  aae  of  all  these  terms  will  be  explained  in  the  sequeL 


nlh-nvani^ioiiiiil  lluil  llii,  ■■oitlil  h.-  ,■; 
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orange  zanthophyll,  and  the  spectrum  o 
of  carbon  gives   absorption-bands    in 
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thus  be  imagined  that  these  .Alfftt  differec 
contuning  a  single  and  peculiar  kind  of  i 
two,  thus  making  an  apparent  complete  . 
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the  aim  this  xantiophyll  is  soon  decompoi 
appear,   and  the  uniform  absorption   of 
Solutions  which  originally  give  very  diffen 
to  be  merely  variable  mixtures  of  two  or  mo 
in  a  pore  state.    Thero  are,  however,  case 
would  be  destroyed  by  eipw"—  ' 
diiefly  br  """  ' ' 
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applicatioas  of  this  method  will  be   giTen  when   daacribiDg  special 
cases. 

General  Action  of  Light. 

Independent  of  its  value  in  such  practical  analyses,  the  study  of  the 
action  of  light  on  vegetable  colouring-matters  is  of  great  interest  in  con- 
nexion with  changes  that  occur  in  the  plants  themselves ;  but  since  so 
much  still  remains  to  be  learned,  I  will  uow  only  give  a  general  summary 
of  what  I  have  already  ascertuned.  As  a  general  rule,  when  solutions 
of  such  substances  are  exposed  to  the  open  sun,  their  colour  is  destroyed 
without  the  formation  of  any  intermediate  coloured  product ;  but  in  a 
few  cases  entirely  different  coloured  compouuds  are  generated,  and  ^ter- 
warda  themselves  destroyed  on  further  exposure.  This  bleaching  effect 
depends  upon  the  combined  presence  of  light  and  air  ;  for  if  kept  in  tha 
dark,  or  if  sealed  up  in  tubes  quite  free  from  ur,  and  then  exposed  to  the 
sun,  very  tittle  or  no  such  alteration  occurs.  Other  things  being  equal, 
the  rate  of  change  vaiies  enormously  according  to  the  natui«  of  the 
substance,  and,  vritfa  the  same  substance,  varies  much  according  to  the 
solvent. 

Semititen. 

The  presence  of  minute  quantities  of  cert^  oils  very  greatly  increases 
the  rate  of  eliKige  in  a  solution  exposed  to  the  light,  and  it  is  convenient 
to  call  this  their  geiuilizing  action.  Probably  in  many  cases  it  depends 
upon  their  oionising  influence.  Such  substance  occur  in  certun  plants, 
aud  the  result  is  that  the  effect  of  an  equal  unount  of  light  is  sometimes 
increased  threefold  or  even  more.  If  this  substance  could  be  procured 
pure  in  moderate  quantity  it  would  be  a  most  valuable  reagent,  since  it 
has  very  little  or  no  effect  on  colouring-matters  unless  exposed  to  the 
light.  In  the  mean  Hme  I  have  found  turpentine  a  very  use^  sensitizer, 
the  chief  objection  being  that  it  sometimes  acta  as  an  oxidizer,  even  in  the 
dark,  and  is  too  energetic,  so  that  very  little  should  be  used.  Oil  of 
dtronelle  has  the  most  powerful  reverse  action  of  any  that  I  have  ex- 
amined, and  greatly  reduces  the  effect  of  tight.  I  therefore  often  use  it 
to  protect'  from  change. 

CarrAUum  of  Optical  and  Chemical  Oharactert. 
We  might  naturally  expect  that  those  rays  of  light  which  are  absorbed 
most  stroDgly  would  be  most  instrumental  in  effecting  decomposition. 
If  this  be  a  law,  it  is  subject  to  modifying  conditions,  not  yet  apparent ; 
and  since  many  of  the  changes  do  not  take  place  without  the  presence  of 
air,  they  are  due  not  to  light  itself  alone,  but  to  oxidization  intensified  by 
its  presence.  At  all  events  it  is  not  merely  the  blue  end  of  the  spectrum 
{the  so  called  chemical  rays)  that  act,  for  some  substances  are  rapidly 
destroyed  in  red  light,  as  was  shown  by  Herschel  and  subsequently  by 
Gerland*.  I  have  met  with  so  many  cases  where  a  number  of  substances 
*  Ardives  NMrUndaisM,  1S73,  voL  vii-  p>  1  «f  »ty. 
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vary  directly  as  the  length  of  the  waves  al 
the  facts  equallj  well  in  many  cases,  as  t 
position  varied  directly  as  the  width  of  tl 
absorption  extends,  i.e.  as  the  number  of  di 
would  also,  in  great  measure,  correspond  to 
substance  is  dissolved  in  liquids  which  cau: 
more  and  more  towards  the  red  end.    Whe 
only  a  common  fact,  the  results  are  of  very  gi 
witii  my  present  subject.    The  effect  of  th 
change  will  be  better  understood  by  means  ol 
tration.    Suppose  that  there  is  a  mixture  of 
matters,  a,  ft,  and  c,  the  absorption-bands  of  a 
ihoae  of  c  to  the  blue  end  of  the  spectrum,  an 
to  the  Bun,  in  the  time  required  to  destroy  01 
and  three  of  a  are  decomposed,  it  is  obvious  tl 
between  the  different  substances  would  soon  t 
This  would  alter  the  ratio  in  which  they  would 
aetioa  until  a  sort  of  equilibrium  was  estab 
might  have  been  the  original  proportion,  then 
of  ultimate  vanishing  ratio,  depending  on  th< 
and  of  the  solvent  and  on  the  kind  of  light  an< 
fiuxional  manner  of  viewing  such  facts  often  ^ 
think  that  it  might  be  introduced  with  advan 
However,  for  the  sake  of  simplicity,  supposin 
decomposition  remained  constant,  and  adopti 
only  express  the  ratios  for  f«u»h  anKof' 
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{A),  very  slightly  affected  by  light,  the  result  might  be  expressed 
thus: — 

Original  state 10^+106  +  lOc 

Subsequent  states    J    aj 

Comparatiue  Qitaatiiaftve  Aiialijiu. 
By  applying  the  above-described  general  methods  to  the  study  of  the 
mixed  coloured  solutions  obtained  from  plants,  there  is  usually  no  serious 
difficulty  in  canying  out  a  qualilative  analysis,  even  though,  as  often 
happens,  half  a  doEen  or  more  coloured  substances  are  present.  It  is, 
however,oftenverydesirable  to  determine  them  ^uanfifatifely;  iiot,indeed, 
their  relative  vieighu  in  one  case,  but  the  relative  amount  of  each 
particular  colouring-matter  in  different  plante  or  in  the  same  when 
grown  in  difierent  conditions  —  a  kind  of  comparative  quantitntive 
analysis.  In  some  cases  this  can  be  done  ivithout  difficulty.  The  various 
coloured  constituents  can  be  separated  with  sufficient  accuracy,  and  the 
relative  volumes  of  equally  str<mg  solution  determined.  The  most  con- 
Tenient  plan  is  to  have  test-tubes  of  the  same  internal  diameter,  and  to 
dilute  the  solution  in  one  or  in  both  until  the  intensity  of  the  colour  is 
exactly  the  same,  or,  still  better,  until  the  ehanicteriatic  absorption  is  eqaai, 
as  seen  in  the  spectroscope,  nith  equal  illumination.  The  relative  length 
of  the  column  in  the  tubes  then,  of  course,  gives  the  relative  amount  of 
the  particular  colouring-matter.  We  may  also  thus  ascertain  the  relative 
quantity  of  two  or  even  more  in  the  same  solution,  by  making  the  re- 
spective bonds  equal,  first  in  the  case  of  one  and  then  in  that  of  the 
other.  I  intend  to  construct  a  form  of  spectrum-microscope  and  pre- 
pare apparatus  specially  suited  for  accurate  comparisons,  which  require 
perfectly  equal  illumination ;  but  even  those  analyses  which  I  have  been 
able  to  make  by  means  of  my  present  instruments  are  sufficient  to  show 
the  value  of  such  quantitative  methods.  I  have  hitherto  chiefly  com- 
pared the  different  specimens  together,  but  for  the  future  I  shall  prepare 
suitable  standard  solutions,  sealed  up  in  tubes  with  as  little  air  as  possible, 
protected  by  oil  of  citronclle ;  and  if  it  turn  out  that  they  remain  un- 
attei«d  by  long  keeping,  it  will  thus  be  possible  to  determine  the  re- 
lative amount  of  the  various  colouring-matters  in  plants  growing  at 
different  seasons  of  the  year.  '* 

Fuitdttnienlal  Cohiiriiig-niatleri. 
Trusting  that  the  above  account  will  be  sufficient  to  indicate  the 
general  characters  of  the  methods  I  havo  employed,  I  now  proceed  to  the 
consideration  of  the  individual  colouring-matters.  The  total  number 
piet  with  in  plante  is  very  great,  possibly  some  hundreds  ;  but  a  large 
proportion  occur  only  in  the  petals,  fruits,  seeds,  and  roote.  The  study 
of  these  will  no  doubt  throw  much  light  on  particular  questions,  but 


tin'  s:\]]\o  clilTcrciicr    in  Die    ca^e  of    aiiii 
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portance  whatever,  or  are  of  advantage  to 
indirect  manner.     Similarly,   the  colouri: 
chlorophyll  and  xanthophyll  groups   app 
those  of  the  erythrophyll  group  have  all  th 
ing  with  accidental  circumstances ;  and  if 
plant,  it  ia  only  indirectly,  as,  for  instan< 
insects  instrumental  in  causing  fertilieatio 
essential  colouring-matters  are  often  so  c 
those  of  real  importance,  that  they  might  es 
that  the  study  of  the  colouring  of  plants  c 
results,  since  very  often  the  colour  is  not  of 
different  species.  It  is,  however,  not  the  mei 
bat  the  nature  and  relative  amount  of  whs 
menUd  eolouring-matters,  of  which  there  are  al 
ft  doaeen  and  a  score.    For  example,  we  of 
which  have  red  leaves  instead  of  green :  tl 
amount  of  erythrophyll ;  and,  independent  c 
stitoents  of  the  higher  classes  of  plants  a 
quantity,  or  their  equilibrium  only  slightly 
difference  in  conditions.    In  those  classes  c 
accidental  colouring-matters  are  seldom  dei 
the  different  groups  of  marine  Algce),  the  ; 
universally  admitted ;  and  I  find  that  when 
the  principles  described  in  this  paper,  the 
different  kinds  of  colouring-matters,  or  their 
classes  of  plants,  is  iti  nnmo.  «•» '' 
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end  of  the  spectrum,  and  foUowing  the  order  in  which  it  retreats  towards 
the  blue.  This  is,  moreoTer,  the  order  in  which  thej  are  decompOBed  b; 
light,  and  also  oft«n  that  in  which  thej  vary  in  other  important  pecu- 
liaritiea.  I  have  chosen  spedfic  names  which  indicate  the  generic  rela- 
tions of  the  separate  subetaaces. 

Stokea'g  Reaearehet. 
In  the  Proceedings  of  the  Boyal  Sodety  for  1864*  there  is  a  paper  by 
Professor  Stokes,  rather  more  than  a  page  long,  on  the  supposed  Jdentitjr 
of  bilirerdin  with  chlorophyll,  with  remarks  on  the  constitutiou  of  cblo- 
rophytl,  which,  in  my  opinion,  in  the  space  of  a  few  sentences  contains 
more  valuable  information  on  that  subject  than  all  other  subsequent 
papers  put  together.  In  this  he  says,  "  I  find  the  chlorophyll  of  land- 
plants  to  be  a  mixture  of  four  substances,  two  green  and  two  yellow,  all 
posseasiug  highly  distinctive  optical  properties.  The  green  substances 
yield  solutions  exhibiting  a  strong  red  fluorescence ;  the  yellow  substances 

do  not Green  sea-weeds  agree  with  land-plants,  except  as  to  the 

relative  proportions  of  the  substances  present ;  but  in  olive-coloured  sear 
weeds  the  second  green  substance  is  replaced  by  a  third  green  substance, 
and  the  first  yellow  substance  by  a  third  yellow  substance,  to  the  pre- 
sence of  which  the  dull  colour  of  those  plants  is  due."  No  particulars 
were  given  respecting  the  manner  in  which  these  different  colouring- 
matters  had  been  separated,  nor  any  description  of  their  individual  cha- 
racteristics, and  this  is  probably  the  reason  why  these  statements  have 
had  so  little  influence  on  subsequent  researches.  If  I  may  judge  fnun 
my  own  experience,  an  experimenter  might  well  hare  paid  a  great 
amount  of  attention  to  the  subject  without  being  able  to  discover  the 
nature  of  the  evidence  which  had  led  the  author  to  adopt  such  conclu- 
sions ;  and  it  would  require  a  very  considerable  amount  of  independent 
discovery  to  enable  any  one  to  appreciate  their  real  merit.  As  for  myself, 
I  investigated  the  subject  quite  independently,  and  it  was  not  until  after 
I  had  satisfied  myself  as  to  the  real  facts  of  the  case  that  I  compared  my 
results  with  those  described  by  Stokes  in  the  above-named  paper,  and 
then  saw  that  they  corresponded  in  many  of  the  most  important  par- 
ticulars, though  I  have  no  doubt  that  I  was  led  to  them  by  studying  a 
very  different  class  of  facts.  The  principal  green  substutce  of  the 
author  is  manifestly  my  blue  chlorophyll ;  his  second  green  substance 
my  yellow  chlorophyll,  and  his  third  green  substance  my  chlorofucine, 
whilst  his  third  yellow  substance,  found  in  olive  sea-weeds,  must  be  my 
fucoxanthine.  Hia  other  two  yellow  substances  must,  in  some  way  or 
other,  represent  the  four  yeUow  substances  described  by  me  as  orange 
xanthophyll,  xanthophyll,  yellow  xanthophyll,  and  lichnoxan thine,  with 
perhaps  a  little  of  my  orange  lichnoxanthine.  It  will  thns  be  seen  that 
my  conclusions  fully  confirm  what  he  has  said  respecting  the  compound 
*  To),  zui.  p.  I4i. 


J ^.nM.;ii  ;iini  iii^(>iui)it'  in  water,  wliirli 

at  })()lli  cikN  of  the  sjxMtruin.  in  liaviuL^  a\  cll-ii 

lliu   rt'd   end,  to   tlir    j)rlii(.'ipal  of   wlnCh   tlio 

related,  and  in  hein;^  deeoni[)o>ed  with  groate. 

ftcids  into  new  products,  giving  somewhat  ai 

stinct  Bpeetra  to  those  characteristic  of  thein  ii 

are  rapidly  decomposed  in  strong  sunlight,  wl 

not  othem^ise. 

Bliu  Chhrophyll, 

I  was  first  led  to  distinguish  the  compound 
in  ordinary  green  leaves  by  studying  that  : 
named  in  former  papers.    This  kind  is  that  wl 
whole  ^'egetable  world,  and  the  difference  consi 
universal  presence  of  another  along  with  it,  wk 
the  highest  and  in  the  very  lowest  classes  of  p 
can  be  best  obtained  in  an  approximately  pun 
like  I^teui  or  Lamitiariaf  by  the  method  already  i 
tliowB  three  absorption-biuids  at  the  red  end,  t 
red  being  by  tat  the  most  intense.    Unless  the 
the  whole  of  the  green  and  a  considerable  portic 
mitted,  so  that  the  colour  is  such  a  blue-green  t 
fhyU  appears  to  be  very  appropriate.    Any  deci 
is  proof  of  the  presence  of  a  small  quantity  of 
of  the  action  of  the  acids,  which  very  readily  dec 
may  be  avoided  by  crushing  up  acid  plants  wit 
ammonia  before  dissolving  the  chlorophyll ;  but 
vae  of- those  whose  juice  is  more  neutral.    M( 
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eiently  so  to  enable  me  to  determine  many  of  its  peculiarities.  The  best 
method  of  obtaining  it  is  to  boil  Ulva  Uuissima  first  in  water  and  then  in 
spirit.  If  this  plant  cannot  be  procured,  the  sm^ll  green  AlgcB  bo  com-; 
mon  on  damp  wood  and  stones  may  be  used  with  advantage,  and  need 
not  be  boiled  in  water.  The  deep  green  solution  in  alcohol  should  be 
agitated  with  bisulphide  of  carbon,  and  a  few  drops  of  water  added,  if 
requisite,  to  cause  nearly  all  the  green  colouring-matter  to  be  carried 
dovvii,  and  nearly  all  the  xanthophylls  to  remain  in  solution.  On  removing 
this  and  agitating  the  bisulphide  with  fresh  spirit  of  wine  of  the  usual 
strength,  taking  care  to  have  a  considerable  excess  of  the  bisulphide  pre- 
sent, a  large  portion  of  the  yellow  chlorophyll  and  some  of  the  blue  are 
dissolved.  Eemo\ing  this  solution  to  another  tube,  adding  a  little  water, 
and  separating  the  diluted  alcohol,  the  precipitated  bisulphide  should  be 
evaporated  to  dr3mess  at  a  gentle  heat.  On  redissolving  in  benzole  and 
examining  the  spectrum  of  a  properly  diluted  solution,  it  will  be  seen 
that  it  differs  in  many  important  particulars  from  that  of  pure  blue 
chlorophyll.  Besides  bands  exactly  corresponding  with  those  charac- 
teristic of  that  substance,  it  has  an  independent  dark  and  narrow  band 
in  the  red,  and  another  much  broader  in  the  middle  of  the  blue,  as 
though  the  solution  were  a  mixture  of  blue  chlorophyll  with  some  other 
substance* — ^a  conclusion  completely  borne  out  by  further  examination, 
since  the  same  blue  kind  as  that  found  in  olive  Algas  occurs  almost  free 
from  this  second  substance  in  the  residue  left  after  repeated  agitation 
with  spirit.  Taking,  then,  a  solution  in  benzole  of  Mue  chlorophyll,  of 
such  a  strength  that  the  principal  absorption-band  in  the  red  may  exactly 
correspond  with  that  seen  in  the  above-named  mixture,  and  comparing 
together  the  spectra  side  by  side,  it  is  easy  to  see  what  absorption-bands 
are  due  to  the  other  substance.  Again,  since  blue  chlorophyll  is  far  more 
easily  decomposed  by  weak  acids  than  the  yellow,  and  yields  a  product 
very  slowly  decomposed  by  light,  we  may  take  a  mixed  solution  in  which 
the  blue  has  undergone  this  change,  and,  by  treating  it  in  the  manner 
described  above,  may  obtain  a  mixture  of  yellow  chlorophyll  and  the  pro- 
duct of  the  action  of  acids  on  the  blue.  Dissolving  this  in  benzole,  and 
taking  a  solution  of  the  product  of  the  action  of  adds  on  the  pure  blue,  of 
such  a  strength  as  to  give  the  corresponding  absorption-bands  equal  when 
seen  side  by  side,  those  due  to  the  yellow  chlorophyll  can  easily  be  distin- 
guished ;  and  on  exposing  for  a  while  to  the  direct  rays  of  the  sun,  these 
bands  disappear,  whilst  those  due  to  the  product  of  the  action  of  acids  on 
the  blue  kind  remain  just  as  in  the  specimen  used  for  comparison.  By  these 
means  I  have  been  able  to  prove  that  the  spectrum  of  yellow  chlorophyll 
dissolved  in  benzole  has  a  very  dark  and  well-defined  narrow  band  in  the  red, 
further  from  the  red  end  than  that  due  to  blue  chlorophyll,  and  probably 
another  much  fainter  in  the  orange.     There  is  aIso  a  broad  and  strong 

*  See  my  pnper'*On  Mixed  Colouring-matters,"  Monthly  MicroBOopical  Journal, 
vol.  vi.  p.  124. 

VOL.  XXI.  2  N 


t    t. 
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C/ilorofiiciiie, 

It  id  some  time  since  I  was  first  led  to  Ix 
colouring-matter  belonging  to  the  (jhlorophyl] 
freshwater  Algce,  I  first  obtained  it  separate 
examining  a  complicated  mixture  of  that  and  ( 
by  Mr.  Oiarles  Homer  from  an  Actinia^  \vl,  A 
dina.  The  special  bands  due  to  this  other  si 
attention,  and  led  him  to  think  that  the  chic 
different  to  that  in  plants.  I  have  since  foun 
of  the  group  is  one  of  the  fundamental  constii 
olive  Ali^iK,  and  have  therefore  named  it  cldorofi 
it  approximately  pure,  the  fresh  fronds  should 
and  slightly  dried,  so  that  on  adding  ordinary 
water  may  not  be  presents  For  the  same  reas< 
kept  covered  up  at  a  gentle  heat,  and  not  be 
repeated  quantities  of  bisulphide  of  carbon,  the 
rophyll  may  be  removed,  and  the  alcoholic  soli 
f ocoxanthine  and  the  chlorofucine,  showing  twc 
bands,  one  between  the  red  and  the  orange  anc 
On  adding  water  and  agitating  with  more  bie 
stances  are  carried  down;  and  on  evaporating 
chlorofucine  is  often  partially  lost  by  deeompo 
way*    To  prepare  it  free  from  fucoxanthine,  tl 
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can  be  dissolved  out  from  the  deposit  by  means  of  absolute  alcohol :  at 
all  events  it  is  free  from  chlorophyll,  and  perhaps  only  coiitniiis  a  small 
quantity  of  the  pale  yellow  substance.  The  colour  of  this  solution  is  a 
yellow-green,  very  much  like  that  of  a  crude  solution  from  green  leaves. 
The  spectrum  shows  two  dark  absorption-bands,  one  between  the  red 
and  the  orange,  and  another  between  the  orange  and  tho  yellow.  The 
whole  of  the  greeu  is  transmitted,  but  the  whole  of  the  blue  cut  off ;  and 
when  the  solution  is  dilute,  a  broad  and  somewhat  obscure  band  may  be 
seen  in  the  centre  of  the  blue,  if  eicellent  daylight  is  used.  The  addition 
of  a  little  ammonia  slightly  increases  the  intensity  of  the  band  nearest 
the  red  end.  When  thus  modified  by  dilute  alkalies,  chlorofucine  is  very 
sparingly,  if  at  all,  soluble  in  bisulphide  of  carbon.  Excess  of  hydro- 
chloric  add  causes  immediate  decomposition  into  a  new  compound,  with 
a  single  absorption-band  iu  the  orange.  "Weak  acids  slowly  produce  the 
same  effect;  and  it  is  important  to  bear  this  in  mind,  since  this  product 
of  the  action  of  acids,  and  not  the  original  substance,  is  met  with  in 
studying  certain  plants. 

The  difference  betwi^en  the  Kpectra  of  the  above-named  throe  green 
substances  will  be  better  understood  bv  means  of  the  following  tignre, 
which  represents  the  absorption-bands  as  seen  in  solutions  diluted  so  as 
to  show  those  at  the  blue  end,  and  only  the  darkest  and  most  charats 
teristic  of  those  in  the  red. 

Fig.  1.  Sjifctra  of  du  ehlomi>liyU  pronp  compnreil. 

Bed  end.  Blno  end. 


Blue  diloroplijll   ... 
YuUow  chlorophjlL 


m 
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Fluoreseenee  of  Uie  Chlorophijll  Group. 
The  position  of  the  narrow  bright  red  bands  seen  in  the  spectra  of  the 
light  of  fluorescence  of  these  three  members  of  the  chlorophyll  group 
differs  even  more  than  that  of  the  absorption-bands,  since  in  the  case  of 
chlorofucine  the  bright  orange-red  band  almost  coincides  with  the  dark 
band  of  absorption,  whereas  in  the  caae  of  both  blue  and  yellow  chloro- 
phyll the  more  red  bands  lie  just  on  the  red  side  of  the  centre  of  their 
absorption-bands.  The  reaidt  ia  that  the  three  different  narrow  red 
bands  characteristic  of  the  light  of  fluorescence  of  the  three  different 


t  I 


iimHi;^[i  :i  soiiiiKHi   oi    siilplial*'  ot    (lidyiniini 
J  *  s])uri(Hi"<  fluon'^-ciice.  tin-  sj)i'i*truin  sliow.s  all 

j  ;  (lidviiiiuiii    -  ill  tart  we  (»l»talii    inrn-ly  a  >]hh- 

bv  n-llrct ion  ;  whrn-as  if  it  lu*  ii  trur  ami  ])i 
the  bands  of  didvinium  can  be  80<?n.  If  the 
along  with  some  reflected  light,  a  more  or  L 
mium  will  be  \i8ible  due  to  this  spurious  lig 
to  the  genuine  fluorescence. 

Action  of  Acids  on  tlu  Chlorop 

As  previously  mentioned,  all  the  above-nan 
phyll  group  are  decomposed  ^ith  greater  or  L 
gives  rise  to  an  independent  product ;  so  th 
generic  peculiarities  in  common,  they  must  b 
Bpedes,  and  not  in  any  way  as  mere  accident 
substance. 

Xaniho/)hyU  Group, 

A  oonsiderable  number  of  different  colourin 
with  this  group,  but  on  the  present  occasion 
the  six  most  commonly  met  vnth  in  leaves  or 
are  characterised  by  being  insoluble  in  water, 
of  carbon  and  fixed  oils,  and  by  giving  sped 
well-marked  absorption-bands,  varying  in  pp 
Bubstance,  and  very  considerably  raised  towa 
liquid  of  great  band-raising  power  is  used  as  a 
tion  is  strong,  the  whole  of  the  blue  end  is  al 
Sometimes  three  absorption-bands  may  be  se 
generally  easy  to  prove,  either  by  chemical  c 
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rather  obscure ;  but  a  further  study  of  it  seems  likely  to  throw  light  on 
the  cause  of  the  production  of  some  of  the  colouring-matters  found  in 
particular  plants.  When  such  a  sensitizing  substance  is  absent,  so  that 
the  alteration  takes  place  too  slowly,  a  little  turpentine  is  an  excellent 
substitute.  The  changes  which  occur  vary  according  to  the  particular 
species  of  the  group,  and  thus  furnish  a  valuable  means  for  distin- 
guishing them,  or  for  recognizing  small  quantities  of  some  when  mixed 
with  others. 

Phycoxanihhie, 

This  name  was  first  proposed  by  Kraus*  for  a  substance  he  obtained 
from  OsciUatorio! ;  but  there  is  no  doubt  whatever  that  his  preparation 
was  a  mixture  of  two  or  three  distinct  kinds  of  colouring-matters,  which 
can  easily  be  separated,  and  do  occur  separately  in  other  plants.  That 
for  which  I  adopt  the  name  may  bo  obtained  in  the  most  pure  state  from 
the  lichen  Peltigera  canina  when  growing  in  a  very  damp  and  shady 
place,  or  from  some  species  of  OsciUaiorioB  when  growing  quite  open  to 
the  sun.  The  various  coloured  substances  should  be  dissolved  out  by 
hot  spirit,  and  the  solution  when  cold  diluted,  if  requisite,  with  a  little 
water,  and  agitated  over  and  over  again  with  fresh  quantities  of  bisul- 
phide of  carbon  until  it  subsides  tinged  only  a  pale  pink.  By  this 
means  almost  the  whole  of  the  other  colouring-matters  are  carried  down, 
with  the  exception  of  the  lichnoxanthines.  On  evaporating  the  alco- 
holic solution  and  redissolving  in  bisulphide  of  carbon,  a  red  solution  is 
obtained,  which,  when  more  dilute,  is  a  fine  pink,  and  gives  a  spectrum 
with  two  excellent  absorption-bands  in  the  green.  When  it  is  dissolved 
in  absolute  alcohol  these  bands  lie  much  further  from  the  red  end,  and 
the  colour  is  sufficiently  yellow  to  justify  the  name  phycoxanihine,  or,  at 
all  events,  to  make  it  undesirable  to  introduce  another.  On  adding  a 
little  hydrochloric  acid  and  turpentine,  the  colour  graduaUy  fades,  with- 
out the  production  of  any  well-marked  intermediate  coloured  substance. 
I  am  much  inclined  to  believe  that  this  phycoxanthine  may  be  formed 
from  orange  xanthophyll,  both  artificially  and  naturally ;  but  since  this 
change  occurs  only  in  very  rare  and  special  cases,  it  probably  depends 
on  the  presence  of  some  sensitizing  substance,  only  occasionally  present 
or  under  conditions  not  yet  understood. 

Peziza  Xanthiyie, 

This  is  the  name  I  propose  for  an  orange-yellow  colouring-matter 
found  in  Peziza  aurantia  and  some  other  fungi.  It  resembles  phyco- 
xanthine in  many  particulars,  but  differs  in  the  position  of  the  absorption- 
bands,  which  lie  further  from  the  red  end. 

Orange  Xantlwphyll, 
This  is  one  of  the  most  universally  distributed  of  all  vegetable  colour- 

*  Chloropbyllfarbstoffe,  p.  109. 
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tlic  (•iilun;j)livll,  it  is  rcqui'^ito  to  a«j;itat('   vtTv 

spirit  and  repeated  additions  of  bisulphide  of 

leave  only  a  small  quantity  undissolved.     The 

depends  upon  the  fact  that,  unless  the  relati\ 

xanthophyll  be  too  great,  the  whole  is  carried  c 

carbon,  when  agitated  with  spirit  of  the  usua 

present  in  the  leaves  of  the  higher  classes  of  \ 

those  just  named ;  but  by  following  the  same  ] 

oraDge-colour  Inay  be  obtained,  which,  howev 

impurities.  When  pure  and  dissolved  in  bisulpl 

18  a  slightly  pink-orange,  and  the  spectrum  sh< 

tioQ-bands  in  the  blue  end  of  the  green  and 

Tliese  lie  much  further  from  the  red  end  when  i 

alcohol ;  and  on  adding  a  little  hydrochloric  ac; 

dnally  becomes  colourless,  sometimes  turning  si 

probably  due  to  the  presence  of  another  substa 

of  yellow  xanthophyll. 

Xanthophyll, 

I  propose  to  restrict  this  name,  as  applied  to 
to  the  principal  constituent  of  the  mixture  wl 
called.  This  generally,  if  not  always,  must  h] 
yellow  xanthophyll  and  lichnoxanthinc.  Xani 
applied  by  me,  may  be  obtained  in  the  most  pi 
wdgariB,  by  heating  in  spirit,  removing  the  blue 
with  bisulphide  of  carbon,  and  then  abiding  wai 
tion,  which  precipitates  the  bisulphide  along  wit 
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difficulty  from  green  or  yellow  leoveB ;  but  being  then  mised  with  yellow 
xnnthophyll,  it  m  almost  impossible  to  obtain  it  pure,  and  it  therefore 
turna  green  when  treated  with  hydrochloric  acid  and  turpentine.  If  no 
Benaitizer  be  present,  such  uuxtures  may  change  so  slowly  that  the  blue 
product  may  fade  as  fast  as  it  is  formed,  and  never  be  very  visible. 

TtUow  XanlJuiphijll. 
This  may  be  obtained  in  its  most  pure  etato  from  different  ktuds  of 
bright  yellow  flowers,  as,  for  iuHtanee,  the  yellow  Chryganthtmum. 
When  dissolved  in  biwulphide  of  earbou  it  is  of  a  clear  Ifimon-yellow 
colour,  differing  moat  decidedly  from  that  of  xanthophyll  properly  so 
called.  The  spectrum  shows  two'very  diatiiict  alwoqition-bands  in  the 
green  end  of  the  blue:  these  lie  still  further  «ithin  the  blue  when 
absolute  alcohol  is  used  as  the  aolveut,  and,  on  adding  a  little  hydro- 
chloric acid,  the  yellow  xanthophyll  is  decompoaed,  first  into  a  new  and 
paler  yellow  substance  •,  with  the  abaorpt ion-bands  at  a  different  interval 
and  more  towards  the  blue  end,  and  afterwards  into  a  fine  deep  blue 
colouring-matter,  which  will  be  more  fully  described  further  on.  Yellow 
xanthophyll  may  be  obtained  in  an  impure  state  from  ordinary  green 
leaves,  by  first  removing  the  chlorophyll  and  then  adding  successive 
email  quantities  of  water,  agitating  with  bisulphide  of  carbon  after  each 
addition,  and  keeping  separate  each  quantity  thus  carried  down.  The 
first  contains  much  xanthophyll  and  a  little  yellow  xanthophyll,  and  each 
subsequent  quantity  contains  less  of  one  and  more  of  the  other,  as  may 
be  proved  by  both  chemical  and  photochemical  methods,  or  by  the  posi- 
tion of  the  absorption-bands,  until,  towards  the  last,  the  yellow  xantho- 
phyll greatly  preponderates,  mixed,  however,  with  so  much  lichno- 
xanthlne  that  the  absorption-bands  seen  in  its  spectrum  are  far  less 
distinct  than  when  it  is  prepared  from  the  petals  of  such  flowers  as  I 
have  named.  On  treating  the  solution  in  absolute  alcohol  with  hydro- 
chloric acid,  though  it  turns  to  a  blue-green,  a  residual  yellow  colour 
(lichnoxan thine)  remains  when  the  blue  has  faded,  which  is  not  the  case 
when  pure.  If  the  loaves  have  an  acid  juice,  the  last  residue  consists, 
not  of  yellow  xanthophyll,  but  of  the  above-named  yellow  product  of  the 
action  upon  it  of  weak  acids. 

Oeneral  relutiom  of  the  XaiUJiophi/ll  Qrottp, 

These  Ato   diffen-nt   kinds   of  colouring- matters  belonging   to   the 

xanthophyll  group  are  related  to  one   another   in   a  very  interesting 

manner.     Making  use  oE  same  acalo  of  measurement  and  notation  as 

described  in  my  former  paper  t,  the  centres  of  the  absorjit Ion-bands  of 

•  Thii  fact  has  also  twon  noticed  bj  Stokea  (Journal  of  Chem.  3oc.  vol.  ii.  1804, 
p.  3O0). 

t  Proceeding*  of  Boy.  Eoo.  1807,  vol.  it.  p.  IM. 
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them;  TsriouB  substances,  when  dissolved  in  lusiilphide  of  carbon,  are  vei7 
closely  as  follows  (D=3i,  t'=7i)  :— 

Phycoianthine 5  6J 

Feziza  xanthine    5j  7 

Omnge  Jtnnthophyll     fi  Tj 

Xanthophyll     6i  8 

Yellow  xanthophyll 7  8* 

These  relations  will  be  better  understood  by  menns  of  the  follouing 
figure : — 

Fig.  2.  Speflni  nf  t/u  xaiithojihyll  ijroii^  (omi>areiK 


Yeltnir  luilhophyll. 


When  thi'se  various  substances  are  dissolved  in  benroJe,  their  absorp- 
tion-linnds  are  all  equally  raised  towards  the  blue  end,  90  that  we  appear 
to  have  a  remarkable  series  of  very  closely  related  substances. 

Action  of  Liijht  mi  (he  XiinihophijU  Groiqi. 
The  behaviour  of  these  substances  when  esposed  to  light  is  Tory  in- 
teresting. Taking  a  uiisture  of  any  two  in  bisulphide  of  carbon,  and 
exposing  to  the  open  sun,  that  which  has  its  absorption  extending  over 
the  wider  space,  and  has  its  absorption-bands  the  nearer  to  the  red  end, 
ia  destroyed  more  rapidly  than  the  one  of  which  the  absorption  extends 
over  a  less  space,  and  the  absorption-bands  lie  nearer  to  the  blue-end. 
If  any  contiguous  two  species  be  mixed,  the  rate  at  which  they  are  de- 
composed differs  so  little  that  very  nnich  of  both  must  be  destroyed 
before  the  one  whoso  absorption  lies  the  nearer  to  the  blue  end  is  left 
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ftlmost  free  from  the  other.  On  the  contrary,  when  we  have  a  mixture 
of  two  more  extreme,  a  very  coasiderablo  quantity  of  one  is  left  when 
the  other  has  disappeared. 

I  fear  it  will  be  difficult  to  find  any  other  such  series  of  very  siniihir 
colouring-matters;  but  if,  on  further  inveatigfttion,  such  a  connexion 
between  the  rate  of  decomposition  and  the  absorption  of  light  turn  out  to 
be  a  general  law,  it  will  be  an  additional  proof  of  some  kind  of  connexion 
between  chemical  and  opticnl  characters.  The  most  striking  modiii' 
cation  of  this  rule  that  I  have  so  fnr  met  w4th,  is  in  the  case  of  phyco- 
lonthine  and  orange  xanthophyll  when  mixed  with  chlorophyll  in  solution. 
When  alonp,dissolvedinamixtureo£  alcohol  and  bisulphide  of  carbon,  the 
phycoxanthine  is  ao  much  more  rapidly  decomposed  by  bright  sunlight  than 
the  orange  xanthophyll  that  the  relative  amount  of  the  latt«r  is  soon 
increased  to  double  the  original,  as  detcnnined  by  separating  them  from 
one  another ;  whereas  if  a  considerable  quantity  of  blue  chlorophyll  bo 
present,  the  very  opposite  result  occurs,  as  proved  by  comparative  aua- 
lysis.  Here,  then,  we  have  a  most  striking  effect  of  the  presence  of  the 
chlorophyll,  which  itself  was  more  rapidly  decomposed  than  either  of 
the  other  substances  mixed  with  it.  Having  only  very  recentlv  esta- 
blished this  fact,  I  have  not  yet  been  able  to  decide  whether  it  is  due  to 
the  loss  of  the  energy  in  decomposing  the  chlorophyll  of  those  rays  of 
light  which,  in  its  absence,  would  have  been  instrumental  in  decom- 
posing the  phycoxanthine,  or  whether  it  depends  upon  some  chemical 
action  connected  with  the  presence  of  the  changing  chlorophyll ;  but  it 
seems  to  me  that  we  have  in  such  a  case  the  first  example  of  a  new 
branch  of  inquiry,  which  can  hardly  fail  to  be  of  value  in  explaining  the 
influence  of  chlorophyll  in  the  growth  of  plants.  Many  facts  seem  to 
prove  that  one  substance  may  protect  another  by  absorbing  the  active 
rays  or  by  consuming  the  oxygen,  which,  in  its  absence,  would  decom- 
pose the  other. 

Fveoxanthine. 
This  is  the  name  I  propose  for  the  principal  colouring-matter  of  Fud 
and  other  olive  Alga.  It  may  be  obtained  in  the  manner  already  de- 
scribed, only  that  in  order  to  separate  it  from  the  chlorofucine,  after 
separation  of  all  the  chlorophyll,  a  few  drops  of  ammonia  should  be 
added  to  the  alcoholic  solution,  and  the  whole  diluted  with  an  equal  bulk 
of  water.  The  bisulphide  of  carbon  is  then  precipitated  with  almost  all 
the  fucoxanthine,  whilst  nearly  the  whole  of  the  chlorofucine  remains  in 
the  dilute  alcohol.  As  thus  purified,  fucoxanthine  dissolved  in  bisulphide 
of  carbon  is  of  a  beautiful  amber  colour,  and  its  spectrum  shows  two 
obscure  absorption-bands,  the  position  being  intermediate  between  those 
of  orange  xanthophyll  and  xanthophyll,  so  that  a  mixture  of  these  gives 
nearly  the  same  spectrum.  The  difference,  however,  is  completely  proved 
by  other  facts.  The  bonds  of  fucoxanthine  are  much  less  raised  by 
alcohol  and  other  liquids  of  high  band-raising  power  than  the  bands  of 


I  r:iii>nii;  t  iii;^  cncii  iik-  .•\Tr.'iii«'  n*<l  ;  ami  (mi  :u 
llii>  .'ih-f^rj)!  ion  i>  ciitii't'Iy  rt'in«)\(Ml,  and  tlic  <■( 
yclluw.     'j'hc  <])t'rtrnFii  tlifii  -liows  a  wcll-inai 
\i<>lt't  rinl  ul"  tin*  hlu'*.      Hii  adding  c.Xfr^^  ot 
giiial  blue  colour  is  restored ;  and  hence  this 
peculiarity  of  being  mode  blue  by  a(;ids  and  y< 
I  have  never  met  with  it  in  plants  themselves 
conBiderotion,  we  must  look  upon  fueoxant 
xanthophyll ;  but  at  the  same  time  the  diff 
raising  the  absorption-bands,  and  the  greater 
to  light,  may  perhaps  make  it  desirable  to  eh 
dull  olive  colour  of  those  Algas  in  ^hich  it 
MelanospemuB)  is  apparently  mainly  due  to  it : 
in  any  oil.    On  comparing  the  spectrum  of 
frond  in  its  natural  condition  with  that  of  i 
portion  which  has  been  boiled  for  a  short  tim 
has  changed  to  green,  it  may  be  seen  that  ' 
fuooxanthine  is  considerably  raised,  just  as  if 
it  were  attacked  and  dissolved  by  the  oil  prese 

Liclinoxanthiiie  Grou^ 

This  is  a  name  which  I  propose  for  a  nui 
found  in  a«great  variety  of  plants.  Two  are 
in  fungi ;  but  since  they  occur  in  a  more  c 
than  in  any  other  plants  having  true  leaves  o 
desirable  to  adopt  the  name  lichnoxaniJiine  i 
which  perhaps  may  be  found  convenient  for  so 
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reautuig  the. action  of  light  and  acids  so  well  that  they  are  very  often 
obtained  as  residues  when  all  the  colouring-matters  oE  that  group  have 
been  decomposed.  They,  however,  do  ultimately  fade.  It  is  not  yet  cer- 
tain whether  these  substanc  ea  are  essential  for  the  growth  even  of  lichens, 
OF  only  constant  products. 

Orange  Lichnoxantliine, 
This  particular  species  occurs  in  many  fungi,  but  I  have  more  especially 
studied  it  as  obtained  from  lichens.  PeUigtra  eanina,  growing  well 
exposed  to  the  sun,  should  be  crushed  and  heated  in  spirit.  After 
separating  the  whole  of  the  chlorophyll  in  the  manner  already  described, 
the  alcoholic  solution  should  be  evaporated  to  dryness,  and  the  lichno- 
xanthine  and  the  phycoxanthine  dissolved  out  by  bisulphide  of  carbon. 
On  exposing  this  to  the  auu  under  green  glass  until  the  pink  tinge  is  lost 
imd  the  absorptiou-bands  of  the  phycoxanthine  hare  disappeved,  the 
lichnoxanthine  remains  of  an  orange  colour.  Its  spectrum,  when  the 
solution  is  sufficiently  stroi^,  shows  absorption  of  the  whole  of  the  blue 
and  gre^n,  gradually  shading  ofi  to  about  the  end  of  the  yellow.  The 
modiScatidn  soluble  only  in  alcohol  may  be  obtained  from  Platytma 
r/lttucum  and  many  other  lichens  by  agitating  the  alcoholic  solution  with 
bisolphide  of  carbon,  and  then  diluting  the  alcohol  \i4th  water,  so  that  all 
the  substances  soluble  in  the  bisulphide  may  be  carried  down  in  it,  all 
soluble  in  water  remain  dissolved,  and  the  modified  orange  licbnoxanthine 
may  be  deposited  in  a  free  state,  uid,  after  separation,  dissolved  in  ab- 
solute alcohol. 

Lieh  noxaidkin«. 
This  is  the  most  common  member  of  the  group,  and  is  so  widely  dis- 
tributed that  it  occurs  in  almost  all  plants,  though  sometimes  in  very 
small  quantity  and  not  easily  detected.  It  is  best  obtained  from  the  yellow 
fungus,  Clavaria  futiformis.  In  the  absence  of  that  plant,*it  may  be 
prepared  from  the  root  of  the  carrot  by  dissolving  out  the  colour  inspirit, 
and  agitating  with  bisulphide  of  carbon  to  remove  the  orange  xanthophyll 
and  the  greater  part  of  the  xanthophyll.  On  ei-aporating  the  alcoholic 
solution  to  dryness  bisulphide  of  carbon  dissohes  the  Uchnoxanthine 
along  with  a  good  deal  of  xanthophyll  and  yellow  xanthophyll ;  but  by 
exposing  the  solution  to  the  auu,  those  two  colouring-matters  may  be 
destroyed,  and  the  licbnoxanthine  left  alone.  "When  pure  and  dissolved 
in  bisulphide  of  carbon  it  is  of  fine,  somewhat  orange-yellow  colour,  and 
the  spectrum  shows  a  very  uniform  absorption,  eiteuding  over  the  whole 
of  the  blue,  and  ending  suddenly  rf)out  the  centre  of  the  green.  It  is 
BO  difficult  to  separate  this  licbnoxanthine,  properly  so  called,  from  orange 
lictuioxanthine,  that  I  shall  frequently  call  the  mixture  the  Uehnoxanthinet, 
without  attempting  to  give  them  alone. 
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Ydl/iw  Lichnoxanthwie, 

I  have  adopted  this  name  for  a  substance  very  simiUir  to  that  just 
described,  but  giving  a  spectrum  in  which  the  absorption  does  not  ex- 
tend so  far  from  the  blue  end,  so  that  the  colour  is  a  more  pure  yellow. 
It  is  best  obtained  from  Parmelia  (Physcia)  parietina  by  the  same  pro- 
cess as  that  just  described. 

Phycocyan  Group. 

I  have  described  the  two  principal  species  of  this  group  in  former 
papers*,  and  will  therefore  only  briefly  allude  to  a  few  characters. 
Phycocyan  gives  a  spectrum  with  a  well-marked  absorption-band  in  the 
orange,  and  has  a  very  intense  red  fluorescence,  due  to  a  narrow  red 
band.  Pink  phycocyan  gives  a  similar  kind  of  spectrum,  only  the  principal 
absorption-band  lies  between  the  yellow  and  the  green.  It,  too,  is  highly 
fluorescent,  but  the  light  of  fluorescence  is  orange,  due  to  a  much 
broader  band.  These  two  mixed  together  constitute  Cohn's  phycocyaii. 
Both  are  soluble  in  water,  but  exist  in  the  plants  in  a  solid  form  or  con- 
centrated solution,  as  shown  by  the  position  of  the  absorption-bands, 
which  lie  considerably  nearer  to  the  red  end  than  when  the  corre- 
sponding substances  arc  dissolved  in  water. 

Phycoerythrine  Group, 

This  is  the  name  I  propose  to  adopt  for  two  colouring-matters  found  in 
AUffP,  described  by  me  in  a  fonner  paper t-  One  is  pink,  giving  a  spec- 
trum with  an  absorption-band  at  the  yellow  end  of  the  green,  and  the 
other  is  red,  the  spectrum  showing  a  band  at  the  blue  end  of  the  green. 
I  thereof  ore  call  one  pink-  jthycoerythrine  and  the  other  red  phycotrythrinf. 
Neither  are  fluorescent,  and  both  are  soluble  in  water. 

•  Erythropihyll  Group, 

This  is  the  name  I  have  applied  to  a  large  number  of  colouring-matters, 
soluble  in  wat<;r  and  insolublo  in  bisulphide  of  carbon,  found  in  the  leaves 
and  petals  of  plants.  1  shall  not  now  attempt  to  describe  them  in  detml, 
but  refer  to  my  former  papers  for  a  further  but  yet  very  imperfect  ac- 
count of  their  peculiaritiosj.  They  do  not  appear  to  be  essential  con- 
stituents of  l(»avos,  but  rather  products  formed  under  particular  conditions. 
Much  remains  to  be  huimed  respecting  the  different  kinds ;  for  though 
an  accidental  constituent,  there  are  important  differences  between  those 
fonned  under  similar  circumstances  in  the  leaves  or  fronds  of  different 

*  Monthly  Microscopical  Journal,  1870,  vol.  iii.  p.  229,  and  1871,  vol.  vi.  p.  124. 
t  Monthly  Microscopical  Journal,  1871,  vol.  vi.  p.  124. 

}  Proc.  Roy.  Soc.  1807,  vol.  xv.  p.  433.  Quart.  Journ.  of  Science,  1871,  vol.  i.  p.  64. 
Quart  Journ.  of  Microscop.  Science,  1871,  vol.  xi.  p.  215, 
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classes  of  plants.     On  the  whole  thej  are  very  slowly  changed  by  the 
action  of  light. 

Chrysotannin  Grovj?, 

I  have  also  described  this  in  the  above-named  papers.  The  various 
substances  included  in  the  group  are  all  soluble  in  water,  and  of  a  more 
or  less  pale  yellow  colour ;  they  are  very  slowly  changed  by  the  action  of 
light.  The  connexion  between  them  and  the  different  classes  of  plants  is 
still  very  obscure.  They  are  interesting  chiefly  in  connexion  with  the 
production  of  the  tints  of  autumnal  foliage,  some  of  which  are  due  to 
their  oxidization. 

Comparative  Chromatology, 

Having  thus  described  the  principal  groups  of  colouring-matters,  and 
those  particular  species  which  appear  to  be  of  the  greatest  importance  iii 
connexion  with  the  present  subject,  I  now  proceed  to  the  consideration  of 
their  distribution.  The  individual  species  are  the  elementary  coloured 
constituents  which  exist  in  some  and  are  absent  from  other  plants,  or 
occur  in  a  very  different  proportion,  according  to  the  kind  of  plant  or 
the  conditions  in  which  it  grows.  In  my  opinion  it  is  only  by  a  careful 
qualitative  and  quantitative  determination  of  the  coloured  constituents 
that  we  can  arrive  at  any  satisfactory  conclusions  respecting  them.  Mere 
general  colour  is  altogether  deceptive  :  it  might  lead  us  to  conclude  that 
there  was  a  complete  difference  in  the  colouring-matter,  when  there  is 
merely  a  difference  in  the  relative  amount  of  the  same  substances ;  whilst, 
at  the  same  time,  it  might  appear  to  indicate  that  two  cases  were  alike, 
when  they  really  differ  in  most  essential  particulars.  On  the  contrary, 
by  such  a  method  of  qualitative  and  quantitative  analysis  the  exa(;t 
differences  and  the  exact  character  of  the  connexion  may  be  seen  at  a 
glance ;  and  I  cannot  but  think  that  by  carrjring  out  such  principles  our 
knowledge  of  certain  questions  connected  with  plants  wiU  be  very  greatly 
extended.  The  whole  subject,  however,  is  in  its  infancy;  very  much  re- 
mains to  be  learned  respecting  nearly  every  thing  connected  with  it ;  and 
what  I  now  describe  must  be  looked  upon  as  very  little  more  than  a  few 
general  conclusions,  which  appear  to  follow  from  what  is  already  known. 
One  may  fully  expect  that  further  research  will  much  modify  the  ex- 
planations which  now  seem  the  most  plausible ;  but  it  appears  to  me  im- 
desirable  not  to  point  out  the  general  bearings  of  what  is  known,  merely 
because  they  may  be  modified,  or  even  disproved,  by  what  is  still  un- 
known, since  a  mass  of  unconnected  facts  would  be  of  very  little  interest. 

The  subject  of  comparative  vegetable  chromatology  may  be  dinded 
into  two  parts,  viz. — first,  that  in  which  different  specimens  of  the  same 
plant  growing  in  different  conditions  are  compared,  in  order  to  leani  the 
effects  due  to  external  agencies ;  and,  secondly,  that  in  which  different 
plants  growing  in  similar  conditions  are  compared,  in  order  to  ascertain 
the  effects  due  to  internal  organization. 


•  J 
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|ilantH,  and  dci-oinposed  by  the  dt.*" tractive 
air,  intensified  bj  the  presence  of  light ;  an 
particular  part  of  a  plant,  at  all  seasons  of 
dreumstanoes,  depends  upon  and  expresses 
manent  equilibrium  between  these  two  op 
may  Tarj  verj  considerablj.    By  means  of 
iiible  to  employ  accurate  physical  method 
physiology ;  and  since  the  laws  which  regul 
be  determined  by  experimenting  with  dead 
does  and  what  does  not  depend  on  life,  and 
to  understand  its  essential  nature. 

According,  then,  to  these  principles  we  n 
▼ariations  depending  on  a  change  in  the  o 
others  due  to  variations  in  the  amount 
exposed. 

Action  of  Light  on  Chk 

When  a  solution  of  chlorophyll  is  expose 
decomposed,  t^e  rate  of  change  and  the  ch 
much  according  to  the  solvent,  and  also  de 
minute  quantities  of  sensitizing  or  protecti] 
bemole  or  absolute  alcohol,  and  protected  bj 
phyll  slowly  disappears,  and  very  little  o: 
formed,  or,  if  it  be  formed,  it  is  destroyed  n 
lating  so  as  to  become  conspicuous.  On  th< 
phyll  is  dissolved  in  bisulphide  of  carbon,  tl 
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ducts.  It  thus  appears  that  chlorophyll  is  in  the  first  instance  decom- 
posed by  light  into  various  coloured  compounds,  which  become  colourless 
on  further  exposure,  and  that  these  may  be  developed  so  as  to  be  very 
conspicuous  or  scarcely  visible,  according  to  particular  conditions. 

Production  of  Red  Leaves. 

The  red  substances  thus  formed  artificially  differ  from  those  met  with 
in  plants  in  being  soluble  in  bisulphide  of  carbon,  and  more  rapidly 
destroyed  by  the  action  of  light ;  but  yet  it  appears  to  me  extremely  pro- 
bable that  those  often  found  in  leaves  are  products  formed  by  the  action 
of  light  on  chlorophyll,  under  conditions  which  have  not  been  reproduced 
artificially.  At  all  events,  by  adopting  this  hypothesis,  the  changes  that 
occur  in  many  leaves  at  different  seasons  of  the  year  admit  of  very 
simple  explanation.  I  have  constantly  noticed  that  the  leaves  of  some 
plants  are  more  especially  subject  to  this  disappearance  of  chlorophyll 
and  formation  of  erythrophyll  when  the  twig  on  which  they  grow  is 
partially  broken,  or  when  the  leaf  is  actually  severed  from  the  plant,  but 
remains  in  a  damp  place,  so  as  not  to  actually  wither,  especially  when 
the  underside  is  exposed  to  the  light.  The  change  is  also  often  depen- 
dent on  the  presence  of  parasitic  fungi  or  insects,  and  often  takes  place 
along  the  dying  edge  of  a  leaf,  where  it  is  not  actually  dead,  but,  so  to 
speak,  only  half  alive ;  and  hence  there  seems  to  be  no  doubt  that  one 
essential  condition  is  that  the  leaf  should  be  in  a  state  of  low  vitality.  It 
also  depends  upon  the  presence  of  light ;  for  if  a  leaf  that  seems  likely 
to  change  be  partially  covered  with  some  opaque  substance,  that  part 
will  remain  green  when  the  rest  has  turned  red.  Such  rough  natural 
photographs  are  often  found  where  one  leaf  has  partially  shaded  another. 
This  explanation  of  the  facts  agrees  very  well  with  what  occurs  at 
different  seasons  of  the  year.  The  leaves  of  some  plants  are  almost  per- 
fectly green  in  summer,  but  as  winter  approaches  they  turn  more  or 
less  red,  and  on  the  return  of  spring  these  self-same  leaves  lose  their 
red  colour  and  become  green.  From  this  I  should  draw  the  very  simple 
and  probable  conclusion,  that  as  the  temperature  falls  the  equilibrium 
between  the  constructive  and  destructive  agencies  is  so  much  modified  by 
the  reduction  of  vital  acti\ity,  that  the  amount  of  chlorophyll  formed  is 
relatively  less  than  that  of  the  red  substance,  whereas  at  a  more  favour- 
able season  of  the  year  more  of  the  chlorophyll  and  less  of  the  red  are 
produced,  and  the  leaves  again  become  green.  On  this  principle  it  is 
also  easy  to  understand  the  reason  of  the  distribution  of  red  colour 
in  different  parts  of  the  same  plant — as,  for  instance,  only  in  the  tips  of 
the  leaves  or  in  the  leaf-stalks,  and  in  those  parts  well  exposed  to  the 
sun.  According  to  these  views  of  the  subject,  permanent  red  varieties 
of  plants  are  due  to  a  similar  difference  in  the  equilibrium,  sometimes 
greatly  modified  by  the  conditions  in  which  they  grow,  the  development 
of  the  erythrophyll  being  also  generally  dependent  on  exposure  to  light. 


Tllt^  iKiwcr  witli  w liicli  tlii'v  rosisi  di'i-oni 
iH  very  reinarkitbic,  anil  may  in  jinrt  ))<<  du 
iui<l  t<i  the  unknown  fon>t'  wliii-li  [  Imv 
but  it  appears  to  uie  very  dill'ii-iill-  or  imji 
uiilosB  we  suppose  that  li(;;Iit  iliii's  to  soim; 
actinti  on  tht!  colon riiig-iiialtLTs.  even  wl 
Perhapa,  iiidLVil,  it  nuiy  b<;  ont"  uf  tlie  iiius 
place  in  them,  und  (jiiilc  {.■Hsi'titial  to  plai; 
to  suppose  that  any  tiling;  i-an  Ix!  t'onncd  I 
decoinpascd  by  it,  but  tliiM  cdrrespoinls  wil 
artificial  exiwrimciit:).  The  red  eul>Mfan(i'* 
the  action  of  light  jirt-  thi'in.sflM's  iU'liTw: 
have  alrt'aily  di'scrilx-d ;  and  if  we  sni>pos 
colouring- matters  an-  in  koiiii'  w;iy  or  ollu'i 
of  light  from  other  ciinslitiii>nlN  of  llit>  plan 
poatnl  by  further  action,  \vi-  ciin  i'nsily  cxpl 
factit.  It  uppeara  to  mu  that  llieir  di-velopi 
of  light-,  until  a  fertaiii  ijiiiintily  of  etu-li  ha; 
eqtiiUbrium  cstnhli^jhed,  vnryin^  in  ils  clian 
cular  plant,  but  thnt  at  the  same  tiini>  the  . 
contimies  to  inen'ase  dini-tjy  a.s  the  inteus 
equilibrinni  Ixitween  the  difl'crcnt  wubstiiniT 
different  intensitiw,  but,  after  having  n^aeh' 
of  each  mon^  or  less  dii'ivases  with  ineri'ii 
8ubj<-ct  si*ms   jiixtiiied  by  suoh  an  eMteri 
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being  sharply  defined.  I  then  took  exactly  equal  quantities  of  the  part 
thus  covered  up  and  of  the  corresponding  leaf  which  had  remained  th^ 
whole  time  exposed  to  the  light,  and  determined  the  relative  quantities 
of  the  chlorophylls,  of  the  xanthophylls,  and  of  a  yeUow  colouring-matter 
soluble  in  water,  by  the  quantitative  methods  already  explained.  Taking 
the  amount  of  each  at  100  for  the  leaf  left  in  its  natural  exposed  state, 
the  relative  quantities  in  that  kept  shaded  were  as  follows : — 

Chlorophylls.   Xanthophylls.   Soluble  in  aq. 

Natural  state   100  100  100 

Shaded  for  three  weeks 150  75  200 

Here,  then,  we  see  that  the  chlorophyll  had  increased  50  per  cent.* 
which  is  an  increase  of  above  2  per  cent,  per  diem ;  and  this,  bo  it 
remembered,  in  a  leaf  nearly  a  year  old.  The  increase  in  the  yellow 
colour  soluble  in  water  was  still  greater,  whereas  the  xanthophyll  had 
diminished.  This  alteration  may  be  greater  than  common,  because  I 
selected  the  plant  on  account  of  its  being  unusually  sensitive  to  the 
action  of  light.  Shading  a  leaf  in  the  manner  described  above  is  of 
course  quite  a  dilEerent  thing  to  so  smothering  up  an  entire  plant  as  to 
cause  it  to  become  sickly  and  fade,  or  to  preventing  the  development  of 
young  leaves  by  keeping  them  in  the  dark.  It  seems  to  me  that  such  a 
striking  difference,  about  which  there  could  be  no  doubt,  must  prove 
either  that  the  absence  of  light  is  favourable  to  the  development  of  chlo- 
rophyll, which  would  scarcely  agree  with  other  well-known  facts,  or  else 
that  the  increase  in  its  amount  does  in  some  measure  indicate  the  quantity 
formed  also  in  the  other,  but  decomposed  in  the  same  interval  by  exposure 
to  the  sun.  At  all  events  the  facts  seem  to  prove  that  the  equilibrium 
between  the  different  constituents  of  leaves  can  soon  be  changed  by 
altered  conditions,  as  though,  like  the  bodies  of  animals,  the  apparent 
permanence  were  only  an  approximately  uniform  equilibrium  between 
construction  and  decomposition,  the  actual  chemical  changes  being  of 
course  entirely  different  in  the  two  cases.  We  may  very  well  believe  that 
the  old  and  effete  colouring-matters  are  thus  destroyed,  and  that  the 
result  of  this  constant  change  is  that  the  endochrome  in  the  leaves  is 
always  in  a  young  and  vigorous  condition.  I  use  this  term  endochrome 
to  signify  any  kind  of  mixed  colouring-matter  found  in  the  cells. 

Various  comparative  qiutntitative  analt/ses. 

This  change  of  equilibrium  is  fully  established  by  a  comparison  of 
leaves  grown  under  different  circumstances.  The  exterior  leAves  of 
Aciiha  japonica,  on  the  south  side,  where  fully  exposed  to  the  sun,  are 
usually  very  much  dappled  with  yellow  patches  almost  free  from  chloro- 
phyll, and  even  the  green  parts  themselves  are  pale ;  whereas  the  lea\'es  in 
the  interior  of  the  plant,  where  much  shaded,  have  very  few  or  none  of 
the  yellow  pat<jhes,  and  are  of  a  dark  green.     There  is  a  simDar  differ- 
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I  mii-t  lit'H'  r\j)l;iin  t}j:it    in  tlii^  and  - 
oa4*h  column  have  no  connexion  with  thos 
example,  the  100  parts  of  chlorophyll  hai 
of  xanthophyll ;  thej  do  not  indicate  equ 
other  respect.    If  it  were  desirable  to  con 
I  think,  not  be  by  weight,  but  according 
which  they  absorb.    I  take  100  to  express 
ing-matter,  and  calculate  out  the  relative  : 
in  the  other  specimen  accordingly — that  ii 
of  chlorophyll  in  the  leaves  exposed  to  tl 
that  in  those  grown  in  the  shade.  The  ora 
manner  reduced  to  90  per  cent.,  whereas 
as  nearly  the  same  in  both  as  could  be  aso 
in  the  quantity  of  chlorophyll  in  the  lea 
Bponds  of  course  to  the  increase  found  in 
and  protected  from  the  light,  but  due  t 
difference  in  the  amount  of  exposure  to 
plant.    The  effect  of  this  in  the  case  of 
apparent  at  once  on  comparing  the  leaves ; 
analogous  difference  in  the  leaves  of  a  d 
aquifoliwn)^  though  it  would  scarcely  hav< 
examination.    I  found  the  relative  quantil 


In  the  shade 
In  the  sun  . . 
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For  equal  weights  of  the  fronds  of  Focus  serratus,  in  spring,  I  found  :— 

chbrophyU.   Chlorofucine.  ^^1^^^^^^    Fucoianthinc 
In  the  shade     ..        100  100  100  98' 

In  the  sun    ....  79  87  90  100 

Change  in  Equilihrium  due  to  the  Action  of  Light. 

The  principal  conclusions  to  be  drawn  from  the  above  facts  are,  that 
leaves  exposed  to  the  sun  contain  nearly  (or,  at  all  events,  more  nearly) 
the  same  quantity  of  the  colouring-matters  least  changed  by  the  action 
of  light  as  those  grown  in  the  shade,  but  that  when  growTi  in  the  sun 
those  substances  which  are  more  and  more  readily  decomposed  by  the 
action  of  light  are  more  and  more  reduced  in  amount  in  the  same  order. 
This  difference  in  the  equilibrium  could  be  imitated  artificially  by  so  con- 
triving that  a  certain  quantity  of  each  colouring-matter  should  be  added 
at  a  uniform  rate  \o  a  solution  exposed  to  the  sun.  In  that  case  the 
relative  proportion  in  which  they  would  remain  would  depend  on  the  rate 
at  which  they  were  introduced  and  the  intensity  of  the  action  of  the 
light.  Thus,  making  use  of  the  same  sort  of  rough  illustration  as  that 
already  adopted,  we  might  have : — 

Added  in  a  given  time lOa+106+lOc 

Decomposed  in  the  same  time  by  a  moderate  \     ^ 
light   ..  /     3a+  26+     c 

Equilibrium  for  a  moderate  light 7a-f-  86  +  9c 

Decomposed  by  equal  extra  light    3a-f-  25-f-     o 

Equilibrium  for  much  light 4a4-  66-f  8c 

In  the  above  illustration  the  amount  supposed  to  be  added  at  a 
uniform  rate  of  course  represents  the  quantity  of  each  colouring-matter 
formed  in  the  leaves  in  the  time  required  to  produce  the  corresponding 
decomposition.  The  results  correspond  so  well  that  it  seems  to  me  a 
good  provisional  hypothesis ;  and  the  facts  are  of  much  interest,  as 
showing  that  very  important  changes  occur  in  living  plants  in  accordance 
with  the  same  laws  as  regulate  the  changes  in  the  same  colouring-matters 
when  treated  as  simple  dead  compounds  in  experiment  tubes. 

Clianges  in  Peltigera  canina. 

I  now  proceed  to  a  more  complicated  case.  The  fronds  of  Peltigera 
eanina  contain  at  least  seven  different  colouring-matters;  but  in  my 
analyses  I  did  not  attempt  to  distinguish  the  two  kinds  of  lichnoxanthinei 
and  therefore  give  them  as  united.  The  apothecia  are  coloured  by  these 
latter  substances,  with  little  or  no  trace  of  any  others.    The  results  of 
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Blue 
chlorophyll. 

Chlorofiicine. 

Phjoo- 
xanthin 

I. 

61 

100 

65 

n. 

100 

99 

100 

ni. 

86 

73 

79 

IV. 

43 

54 

76 

V. 

32 

51 

64 

On  comparing  these  together  it  will  be  s 
Boch  abundant  fructification  (II.)  contained 
maximum,  quantity  of  all  the  different  coloi 
amount  of  light  were  just  that  best  suited  fo 
in  extreme  shade  (I.)  shows  a  remarkable  fa 
stitnents,  as  if  the  plant  were  in  a  sickly  sta 
the  lichnoxanthines  is  particularly  interesting 
colouring-matters  of  the  fructification,  whic 
developed,  perhaps  for  that  very  reason. 
portion  of  the  other  substances  in  the  spe 
posed  to  the  sun  (ITT.,  lY.  &  Y .)  is  in  strict  ace 
explained,  and  the  reduction  in  the  amoun 
markable.    The  lichnoxanthines,  however,  d 
seem  more  connected  with  the  presence  or  a1 
reference  to  this  question  I  may  mention 
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There  is  a  decided  indication  of  the  same  fact  in  the  case  of  the  lichno- 
xonthine  in  Peltigera^  but  scarcely  sufficient  to  prove  it  conclusively. 

The  above  examples  must  be  looked  upon  merely  as  indications  of 
what  may  be  done ;  but  they  will,  I  trust,  be  sufficient  to  show  that  the 
study  of  the  relative  amount  of  the  various  colouring-matters  found  in 
the  same  plant,  under  different  conditions,  is  likely  to  throw  much  light 
on  certain  questions  connected  with  vegetable  physiology. 

Comparison  of  different  Plants, 

Though  I  have  examined  a  good  many  of  the  principal  classes  of  plants, 
yet  there  are  many  that  I  have  not  yet  been  able  to  procure  in  a  proper 
state  for  examination.  It  is  also  desirable  to  investigate  more  fully 
certain  of  the  lower  classes  of  animals,  especially  the  sponges  and  polyps, 
and  to  ascertain  the  laws  regulating  the  distribution  of  some  of  the  colour- 
less constituents  of  plants,  though  that  would  require  entirely  different 
methods  of  study.  Eesiding,  as  I  do,  inland  has  increased  my  difficulties, 
and  I  have  been  obliged  to  rely  on  what  I  could  learn  during  a  temporary 
residence  in  Devonshire,  and  from  material  subsequently  sent  to  me  by 
Dr.  Baker  of  Dawlish,  Mr.  Charles  Homer  of  Mortlake,  and  other  kind 
friends.  At  the  same  time,  being  able  to  spend  several  hours  every  day 
in  the  open  country,  at  all  seasons  of  the  year,  has  been  of  great  value 
in  studying  other  parts  of  my  subject. 

In  the  present  state  of  the  question  there  is  some  difficulty  in  deciding 
what  general  principles  should  be  adopted  in  attempting  to  arrange  the 
various  classes  in  a  natural  order,  in  accordance  with  the  nature  or  re- 
lative amount  of  the  colouring-matters.  For  example,  whether  they 
shoidd  be  arranged  in  a  single  linear  series,  or  in  two  or  more  parallel  or 
divergent  groups.  This  difficulty  is  partly  due  to  the  existence  of  sudden 
gaps,  not  yet  filled  up  by  intermediate  examples,  so  that  the  true  con- 
nexion is  not  quite  apparent.  I  have  constructed  a  table,  representing 
what  is  so  far  known ;  but  I  think  it  better  not  to  publish  it  until  more 
complete — only  to  describe  some  of  the  principal  conclusions  deduced 
from  it. 

•    Connexion  of  the  differeixt  Groups  of  AUjce, 

Perhaps  I  cannot  choose  a  better  illustration  than  that  furnished  by 
the  different  groups  of  Algce — ^the  olive,  the  red,  and  the  green.  They 
contain  at  least  twelve  different  colouring-matters,  distributed  very 
differently,  in  such  a  manner  as  to  connect,  and  yet  to  distinguish,  the 
different  groups  very  characteristically.  I  have  not  yet  made  any  ac- 
curate quantitative  analyses,  and  therefore  express  the  relative  amount 
of  the  various  substances  by  the  follovring  signs  : — 

A  relatively  large  quantity # 

A  relatively  moderate  quantity -f 

A  relatively  small  quantity     
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On  inspecting  this  Table  it  will  be  seen  tl 
terized  bj  the  relatively  lai^  amount  of  cl 
and  the  total  absence  of  yellow  chlorophyll, 
zanthophyll.  The  red  are  especially  distingui 
of  the  phycocyan  and  phycoerythiine  groups 
in  containing  xanthophyll  and  very  little  cb 
The  green  are  characterized  by  the  present 
yellow  zanthophyll,  as  well  as  by  the  absence 
and  the  substances  soluble  in  water,  so  chi 
Blue  cUorophyll,  orange  zanthophyll,  and  t 
mon  to  all.  It  will  also  be  seen  that  th 
between  the  olive  and  the  green,  and,  inde|: 
matters,  it  differs  from  each  of  the  other  \ 
from  one  another.  It  is  also  still  more  cl< 
other  ezamples.  My  endeavour  has  been  i 
oomparison  to  all  the  leading  classes  of  plan 
classes  of  animals,  and  to  ascertain  the  ord 
arranged,  so  as,  in  like  maimer,  to  show  the 
passage  from  one  to  the  other. 

Connea:ion  between  the  lowest  classes  oj 

Comparing  these  various  groups  of  Algce 
and  with  such  low  classes  of  animals  as  Aci 
of  the  colouring-matters  present  in  croeii  Ah 
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xanthopliyll,  all  so  characteristic  of  the  most  perfect  plants,  bat  contain 
chlorofucine  and  f ucoxanthine,  both  of  which  occur  in  certain  species  of 
Actinia!,  like  Anthea  cereus,  var.  smaragdina.  The  presence  of  such 
colouring-matters,  therefore,  connects  the  olive  Mga  with  the  lower 
classes  of  animals,  in  the  same  manner  that  the  presence  of  blue  chlorophyll 
connects  some  animals  with  plants.  Such  substances,  though  essential 
to  the  growth  of  plants,  are  not  constant  in  closely  allied  species  of  animals, 
as  though  they  were  of  no  more  importance  for  the  life  of  animals  than 
the  accidental  vegetable  colouring-matters  are  for  the  life  of  plants.  The 
value  of  these  connexions  between  plants  and  animals  remains  to  be 
determined,  but  in  any  case  such  definite  facts  must,  I  think,  have  some 
very  important  signification.  If,  then,  according  to  these  principles,  the 
olive  AlgcB  be  looked  upon  as  a  link  connecting  the  lowest  classes  of  plants 
with  some  of  the  lowest  classes  of  animals,  there  is  a  perfect  and  simple 
continuity ;  whereas  if  they  were  to  be  considered  intermediate  between 
green  Alga  and  the  higher  Cryptogamia,  there  would  be  two  great  breaks 
of  chromatological  continuity. 

Changes  occurring  in  OscillatorisD. 

The  olive  Alg<e  are  also  connected  in  another  manner  with  lichens, 
through  OscilUUorice,  These  latter  plants  are  extremely  interesting,  siuce 
they  are  subject  to  most  remarkable  changes,  depending  on  the  conditions 
in  which  they  grow.  I  have  made  a  series  of  quantitative  analyses,  which 
show  this  in  a  striking  manner.  I  may  here  say  that  the  chief  difficulty 
in  the  analyses  was  the  determination  of  the  amount  of  the  lichnoxanthines 
in  presence  of  chlorofucine  and  f ucoxanthine,  and  therefore  the  quantities 
given  must  be  looked  upon  as  only  approximate,  derived  from  several 
different  methods,  none  of  which  were  perfectly  satisfactory,  though  they 
all  agreed  in  leading  to  the  same  general  conclusions.  In  discussing  the 
results  of  the  analyses,  it  was  requisite  to  take  the  amount  of  blue 
chlorophyll  as  uniform,  since  it  was  the  only  constituent  occurring  in  any 
considerable  quantity  throughout  the  whole  series.  To  have  taken  equal 
weights  of  the  plants  themselves  would  have  been  almost  impossible,  and 
would  often  have  made  those  which  really  correspond  very  closely  appear 
to  differ  extremely,  since  the  constitution  of  the  endochrome  is  the  im- 
portant question.  Of  course  by  thus  calculating  the  results  as  if  the 
amount  of  chlorophyll  were  the  same  in  all,  there  appears  to  be  an  in- 
crease in  some  of  the  other  constituents  in  the  specimens  exposed  to  the 
sun,  due,  however,  in  reality  to  a  reduction  in  the  relative  quantity  of 
chlorophyll. 

For  comparison  I  give  the  following : — 

I.  Fuem  serratus  grown  in  the  shade. 

n.  The  same  plant  grown  in  the  sun. 

in.  OscilUitoria  grown  under  water,  in  a  cold  spring,  in  a  very  shady 
place. 


J.:-.;.::. 

(■].:  r-,- 

I'l-.v-.-.- 
.\.ir.-!i.i:.-. 

i  1     J- 

JiM) 

iM) 

U 

100 

100 

0 

1        TTT. 

100 

13 

0 

s  I    IV. 

100 

19 

30 

•3 

r    V. 

100 

trace 

07 

^ 

VI. 

1<^ 

>» 

100 

r 

vn. 

100 

M 

27 

•4 

VIU. 

100 

»» 

54 

In  thiH  Table  are  compared  together  the  c 
growing  in  different  conditions,  as  connecte 
plants  belonging  even  to  different  classes. 
amount  of  the  different  constituents  of  the  a 
more  light,  it  will  be  seen  that  some  of  the 
agreement  with  those  already  described;  h 
(heilkUoruK  are  evidently  not  a  mere  change 
decomposing  action  of  the  light,  and  poin 
difference  in  the  constructive  force  of  tlie  plai 
light.  There  is  a  remarkable  development  of 
zanthophyll,  and  a  great  decrease  in  the  ai 
f ucoxanthine,  and  the  result  is  that  we  have 
tjrpe  of  olive  Ahj(B  to  that  of  certain  lichens. 
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is  distinguished  by  the  absence  of  f ucoxanthine  from  those  Oseillatorim 
which  in  other  respects  agree  with  it.  We  may  also  draw  another 
important  conclusion  from  the  above  facts.  OscUlatoriat  approach  most 
closely  to  the  olive  Alf/ce  when  their  vegetative  energy  is  the  weakest, 
when  so  little  light  is  present  that  they  can  only  just  keep  alive.  This 
seems  to  show  that  the  colouring  of  olive  Algce,  in  some  way  or  other, 
belongs  to  a  lower  type  than  that  of  the  green  Al(/afy  as  indicated  by  other 
facts  previously  described. 

General  connexion  of  different  classes  of  Plants. 

The  olive  AlgcB  are  thus  connected  with  the  lowest  green  plants  by 
means  of  two  different  groups  of  the  red  Ahjat,  one  leading  gradually  to  tho 
green  Algce  through  PorjyhjfrUf  and  the  other  to  lichens  through  Peltujera, 
There  is  the  same  sudden  break  in  both,  where  the  phycocyan  and 
phycoerythrine  colours  cease  and  yellow  chlorophyll  and  yellow  xantho- 
phyll  make  their  appearance — at  least  I  have  hitherto  met  with  no 
good  connecting  links  containing  a  small  quantity  of  both  instead  of  a 
normal  amount  of  one  or  of  the  other  ;  and  if  this  be  really  a  universal 
fact,  it  would  seem  to  show  that,  in  some  way  or  other,  the  presence  of 
the  phycocyans  excludes  yellow  chlorophyll  and  yellow  xanthophyll. 
Curiously  enough  this  break  does  not  occur  between  one  great  natural 
class  and  another,  but  in  passiug  from  those  red  Algat  which  are  so 
closely  related  to  the  green  series  as  Porphi/ra,  and  from  PeUigera  to  other 
lichens.  So  much  remains  to  be  learned  of  the  details  that  it  would  be 
premature  to  put  forward  any  general  scheme  with  the  expectation  of  its 
being  finaUy  adopted ;  but  at  the  same  time  it  may  perhaps  be  well  to 
express  what  is  already  known,  if  only  as  a  guide  for  further  research. 
Of  course  I  refer  simply  to  the  distribution  of  the  colouring-matters ; 
and  this  could  hardly  be  expected  to  depend  upon,  or  accurately  follow, 
the  difference  in  the  development  of  the  reproductive  organs ;  but,  on  the 
contrary,  it  seems  to  represent  something  special  in  the  constitution  of 
the  plants,  for  which  no  name  has  hitherto  been  adopted,  but  which  I 
have  called  constructive  energy.  If  such  be  really  the  case,  an  arrange- 
ment foimded  on  chromatological  characters  alone  would  by  no  means 
necessarily  agree  in  every  particular  with  a  natural  system  founded  on 
structural  peculiarities.  Taking  into  consideration  the  various  facts 
described  above,  the  follo\^'ing  arrangement  expresses  every  thing  so  far 
known  respecting  the  distribution  of  the  different  colouring-matters  : — 

Actinias, 
Anthea  ceretis,  var.  smaragdina, 
Olive  group  of  Alga:, 

Red  Algce.  Oscillatoria:, 

Porphyra,  Peltigera, 

Green  Algof,  Lichens, 

Higher  Cryptogamia. 
Highest  classes  of  plants. 
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lUlatioii  of  Ftinf/i  to  other  Ph 

Fungi  cannot  be  arranged  in  a  direct  order  ii 
shown  in  the  Table  given  above.  Their  most  co 
exactlj  correspond  ^ith  those  found  in  the  a 
their  more  accidental  constituents  arc  also  qi 
ooeasionallj  found  in  the  apothecia  of  particu 
in  those  of  Cladonia  eornucopiouUs. 

According  to  the  principles  adopted  in  this  pa 
be  looked  upon,  not  as  fronds,  but  as  the  fructifi 
plants ;  and  I  t^ink  that  the  fact  of  the  colouring 
sudi  a  satisfactory  conclusion,  shows  that  they  m 
physiological  signification. 

Connexion  between  the  Colouring-matters  of  Flower 

Since  a  comparison  between  the  colouring-mat 
of  flowers  with  those  in  the  foliage  has  many  po 
nexion  with  the  relationships  of  fungi,  it  seems  b 
of  the  principal  facts.  The  coloured  substances  i 
cases  exactly  the  same  as  those  in  the  foliage  froi 
disappeared ;  so  that  the  petals  are  often  exacth 
turned  yellow  or  red  in  autumn,  or  the  ver\ 
of  early  spring,  but  in  other  eases  special  c 
developed  which  do  not  occur  in  leaves.  Mi 
coloured  by  a  very  variable  amount  and  varia 
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differing  entirely  from  those  given  above.  Some  of  the  particular 
colonring-mattera  occur  in  very  different  natural  orders  ;  whereas  I  have 
found  others  only  in  one  particular  order,  or  even  only  in  a  single  spedes 
of  phmt.  Much  remains  to  be  learned  in  connexion  with  this  branch  of 
the  subject ;  but  many  facts  seem  to  indicate  that  these  various  substances 
may  be  due  to  an  alteration  of  the  normal  constituents  of  leaves,  some 
being  probably  formed  from  chlorophyll,  others  from  the  lanthophylls, 
and  perhaps  some  from  other  conatituents.  So  far  as  I  have  been  able  to 
ascertain,  their  developmeut  seems  as  if  related  to  extra  oxidization, 
modified  by  light  and  other  varying  conditions  not  yet  understood  ;  and 
it  will  be  on  interesting  field  for  inquiry  to  determine  how  for  they  are 
due  to  simple  changes  in  the  normal  constituents  of  leaves — iu  fact  how 
far  the  petals  of  flowers  ore  modified  leaves,  in  colour  aa  well  as  in  struc- 
ture, 

EfftcU  of  Light  on  lowers. 
I  have  made  very  few  experiments  with  the  view  of  ascertaining  the 
effect  of  a  different  amount  of  light  on  the  petals  of  flowers,  but  what  I 
have  thus  learned  in  the  case  of  a  dark  variety  of  the  common  wallflower 
(Cheir^ilkut  eheiri)  clearly  indicates  that  very  important  facta  could  bo 
Iciirned  in  this  manner.  By  diminishing  the  exposure  to  light,  a  com- 
plete alteration  was  produced  iu  the  relative  amount  of  the  colouring- 
matters.  Ko  erythrophyU  was  developed,  which  was  abundant  in  those 
f  owers  exposed  to  the  sun,  and,  for  on  equal  quantity  of  petals,  only 
about  one  third  the  amount  of  xonthophyll,  and  yet  about  the  same 
quantity  of  chlorophyU  and  lichnoxanthine  were  formed.  The  result 
was  that  I  had  produced  a  temporary  alteration  in  the  proportion  of  the 
colouring-matters,  which  corresponded  closely  with  what  is  the  permanent 
condition  of  a  different  natural  variety  or  even  of  a  diEEereut  but  closely 
allied  species.  Judging  from  certain  facta  which  have  lately  attracted 
my  attention,  I  think  it  extremely  probable  that  in  some  cases  natural 
varieties  may  be  imitated  in  a  similar  temporary  manner  by  reducing 
the  constructive  energy  of  the  plants  by  other  moans.  The  extension  of 
such  inquiries  vrill  probably  throw  much  light  on  the  cause  of  the  pro- 
duction of  different  coloured  varieties  of  the  flowers  of  the  same  species 
of  phmt,  and  show  that  some,  at  all  events,  may  bo  duo  to  pennancnt 
arrested  or  increased  development  of  a  particular  kind. 

Connfxion  between  Fun/ji  and  Lichens. 
Buch,  then,  being  the  relation  between  the  organs  of  reproduction  and 
the  foliage,  it  is  to  some  extent  possible  to  imderntand  the  connexion 
between  parasitic  plants  like  fimgi,  which  do  not  derive  their  support 
from  the  constructive  energy  of  their  owii  fronds,  and  those  which  are 
self-supporting  and  possess  true  fronds.  In  the  highest  classes  of  plants 
the  fiowers  are  connected  with  the  leaves  more  especially  by  means  of 
xonthophyll  and  yellow  xanthophyll ;  whereas  in  the  case  of  lichens  t*""  - 
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Bpotheria  Mtntain  very  little,  if  any,  of  tho^e  substances,  but  &  large 
amount  of  the  I icbiio xanthines  so  characteristic  of  the  class.  Looking 
upon  fungi  from  this  cbrouiatological  point  of-  view,  thej  bear  something 
like  the  same  relation  to  lichens  that  the  petals  of  a  leafless  parasitic 
plant  would  bear  to  the  foliage  of  one  of  normal  character — that  is  to  say, 
they  are,  as  it  were,  the  coloured  oi^ns  of  reproduction  of  pwaaitic 
plants  of  a  type  closely  approaching  that  of  lichens,  which  of  course  is  in 
very  close,  if  not  in  absolute  agre«ment  with  the  conclusions  dmwn 
by  botanists  from  entirely  different  data. 

I'eUow  varittut  of  Leave*. 
One  of  the  most  interesting  questions  connected  with  the  bigber  classes 
of  plants  is  the  production  of  yellow  varieties  of  leaves.  Some,  instead 
of  being  of  the  usual  deep  green,  are  far  more  yellow,  or  have  special 
leaves  or  parts  of  leaves  containing  a  very  little  chlorophyll  generally 
diffused.  Such  leaves  must  be  distinguished  from  those  of  normal  green 
character  with  very  bright  patches  free  from  chlorophyll,  like  Crotim 
variegatum.  Kow  I  find  that  in  many,  if  not  all,  such  cases  there  is  not 
only  a  great  change  in  the  total  amount,  but  alxo  a  most  important 
difference  in  the  relative  quantity  of  the  blue  and  the  yellow  cblorophyU. 
This  may  be  seen  by  examining  the  spectra  of  the  leaves  themselves,  as 
illuminated  by  such  bright,  direct,  concentrated  sunlight  as  will  penetrate 
through  so  many  thicknesses  of  the  leaves,  pressed  together  by  a  strong 
compressorium,  and  show  the  spectrum  to  advantage.  If  in  this  manner, 
for  example,  fen  thicknesses  of  very  yellow  leaves  be  compared  with  a 
single  green  one,  it  may  be  seen  that  the  absorption-bands  in  the  red 
due  to  the  chlorophylls  differ  most  materially.  By  proper  management 
the  band  in  the  red  due  to  yeUow  chlorophyll  can  always  be  seen  in  the 
spectrum  of  normal  greeu  leaves,  but  no  trace  is  visible  in  the  case  of 
these  very  yellow  leases — only  that  due  to  blue  chlorophyll.  I  have 
confirmed  this  conclusion  by  examining  the  chlorophyll  when  in  solution 
in  benzole,  and  find  that,  though  some  of  the  yellow  kind  is  present,  the 
relative  amount  is  much  less  thau  normal.  The  method  of  study  which 
I  have  adopted  is  oh  follows  : — I  crush  the  leaves,  and  heat  them  in 
spirit  until  all  the  chlorophyll  is  dissolved.  When  cold  I  agitate  vrith 
bisulphide  of  carbon,  adding  so  much  water  that  the  whole  of  the 
chlarophylls  niay  be  carried  down  ;  and  after  evaporating  the  bisulphide 
at  a  gentle  heat,  1  rcdissohe  in  benzole.  Taking  two  tubes  contaiuing  a 
solution  of  such  a  strength  that  the  spectrum  shows  the  absorption-band 
in  the  red  of  the  yellow  chlorophyll  to  the  greatest  advantage,  I  add 
benzole  to  one  tube  until  the  band  in  the  red  due  to  blue  chlorophyll  is  of 
the  same  intensity  as  that  due  to  the  yellow  chlorophyll  in  the  other 
tube,  as  seen  by  comparing  the  spectra  together  side  by  side  with  equally 
bright  illumination,  and  carefully  measure  how    much   the    original 
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Bolutbn  h&d  to  be  diluted  in  order  to  obtain  that  equality.  This  being 
a  constant  point  of  comparison,  it  is  possible  to  detennine  the  relative 
quantity  of  yellow  chlorophyll  in  different  kinds  of  le:tves.  So  far  I 
have  not  worked  out  the  question  in  full  detail,  because  the  present  form 
o£  inatrument  and  apparatus  is  not  suited  for  very  accurate  determinations, 
and  therefore  the  foUuu-ing  Table  must  be  looked  upon  as  a  mere  first 
attempt.  Great  care  must  be  taken  not  to  expose  such  dilute  solutions 
to  much  light,  since  they  are  so  rapidly  changed,  even  by  gaslight,  that 
serious  errors  might  easily  result  from  this  cause.  In  all  cases  I  have 
taken  the  amount  of  blue  chlorophyll  as  100,  and  expressed  the  relative 
quantity  of  yellow  chlorophyll  in  percentages,  in  accordance  nith  the 
above  named  principle.  I  also  give  some  other  cases  for  comparisoii. 
Blua  Telloir 

ohiorophjil.     cUoruphjlL 

Olive  and  red  Al>ja 100  0 

Leaves  grown  nearly  in  the  dark    100  5  or  0 

\ornially  yellow  leaves  grown  in  the  light . .     1 00  5  or  fl 

Healthy  green  leaves  100  13  to  17 

Green  leaves  faded  to  yellow 100  25  or  30 

Final  equilibrium  in  solutions  exposed  to  the  1  ,^  ,qq 

The  normal  rebtive  amount  of  yellow  chlorophyll  in  green  leaves 
certainly  varies,  and  there  seems  reason  to  believe  that  this  to  some 
ext«nt,  if  not  mainly,  depends  on  the  length  of  time  to  which  they  have 
been  exposed  to  the  sun.  When  healthy  green  leaves  fade  and  turn 
yellow  the  relative  amount  of  yellow  chlorophyll  is  increased,  in  accord- 
ance with  what  is  known  respecting  the  greater  ease  \rith  which  blue 
chlorophyll  is  decomposed,  but  the  relative  amount  Joes  not  appear  to 
become  so  great  as  in  the  case  of  a  mixed  solwiion  exposed  to  the  sun. 
On  the  contrary,  when  leaves  are  very  yellow,  owing  to  having  been 
grown  almost  in  the  dark,  the  relative  amount  of  yellow  chlorophyil  is 
much  less  than  normal,  as  though  under  such  unfavourable  conditions 
the  blue  chlorophyll  were  more  readily  formed  than  the  yellow.  It  might 
therefore  be  said  that  when  the  constructive  energy  is  weak,  the  initial 
proportion  of  the  yellow  is  about  one  third  of  the  normal,  but  that  when 
the  leaves  fade,  the  vanishing  ratio  is  about  double  the  normal.  The  blue 
chlorophyll  is  therefore,  as  it  were,  more  readily  formed  and  more  readily 
decomposed  than  the  yellow.  The  relatively  small  amount  of  yeUow  chloro- 
phyll found  in  those  leaves  which  are  normally  very  yellow  cannot  there- 
fore be  due  to  the  decomposing  effect  of  light,  but  must  rather  be  attributed 
to  weak  constructii'e  enei^y,  like  that  in  leaves  abnormally  yellow  on 
account  of  hoving  beeu  grown  almost  in  the  dark.  This  great  reduction  in 
the  relative  quantity  of  yellow  chlorophyll  causes  them  to  approach 
towards  the  normal  type  of  those  low  orders  of  plants  from  which  it  is 
altogether  absent.    The  determination  of  the  relative  amounte  of  the  two 
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kinds  of  xanthophyll  is  often  rather  difficult ;  but  in  some  cmses,  at  all 
events,  the  relative  quantity  of  the  jellow  xanthophjll  ia  greatly  reduced 
in  jellow  varieties  of  leaves,  so  that,  as  in  other  circumstances,  it  seeniB 
to  vary  in  the  same  manner  as  yellow  chlorophjl}.  This  question,  how- 
ever, requires  further  examination.  The  very  great  relative  amount  of 
the  xanthophylls  is  readily  explained  by  supposing  that  they  are  formed 
when  the  constructive  energy  is  too  low  to  give  rise  to  chlorophyll,  and 
that  they  may  remain  in  faded  leaves  when  the  energy  is  too  weak  to 
prevent  its  decomposition. 

Condition  of  CldorophyU  in  Leaves, 

By  carefully  stud3dng  the  position  of  the  principal  absorption-band  in 
the  red,  seen  in  the  spectra  of  the  leaves  themselves,  by  means  of  a  com- 
pound prism  of  considerable  dispersive  power,  and  a  bright  dot,  seen  by 
reflection  from  the  upper  surface,  made  to  move  over  the  spectrum  by 
a  micrometer-screw,  as  proposed  by  Mr.  Browning  and  modified  by 
myself,  I  find  that  there  is  every  reason  to  believe  that  in  normal  healthy 
green  leaves  the  chlorophyll  is  chiefly  in  a  free  state.  On  boiling  for  a 
short  time  in  water,  the  oils  or  wax  present  in  the  leaf  combine  with  the 
chlorophyll,  and  raise  the  band  somewhat  further  from  the  red  end, 
especially  if  the  relative  amount  of  chlorophyll  is  small.  Of  course  I 
hero  refer  to  leaves  which  have  little  or  no  free  acid  in  the  juice  to 
decompose  the  chlorophyll  into  the  well-known  product  of  the  action  of 
acids.  When  dissolved  in  the  common  fixed  oils  the  band  is  still  further 
raised.  The  small  quantity  of  chlorophyll  in  very  yellow  leaves  appears 
to  be  chiefly  combined  naturally  with  some  oil,  fat,  or  wax,  so  that  the 
spectrum  resembles  that  of  a  green  leaf  that  has  been  boiled.  This  may 
perhaps  be  due  in  part  to  the  total  amount  being  so  small  in  comparison 
to  that  of  the  oil  or  wax,  but  at  the  same  time  it  is  interesting  to  find 
that  a  relatively  large  quantity  is  thus  combined  in  olive  Algce ;  and  it 
will  bo  a  subject  for  further  inquiry  to  ascertain  whether,  when  chloro- 
phyll occurs  in  animals,  it  is  not  similarly  combined,  or  even  dissolved, 
in  a  fat  or  oil. 

Taking,  then,  every  thing  into  account,  leaves  which  are  normally  very 
yellow  appear  to  be  characterized  by  a  very  low  constructive  energy — so 
low,  in  fact,  that  a  plant  could  not  live  if  all  its  leaves  were  of  the 
extreme  condition  of  that  type ;  and  this,  like  what  was  described  in 
connexion  with  Oscillatoricp,  seems  to  point  to  the  conclusion  that  those 
classes  of  plants  (like  the  red  and  olive  -Alga?)  which  more  or  less 
closely  resemble  these  yellow  leaves  in  certain  important  particulars  are 
lower  in  the  scale  as  regards  some  peculiarity  on  which  the  production 
of  the  colouring-matters  depends,  which,  for  want  of  a  better  name,  I 
have  called  constructive  energy.  We  might  thus  speak  of  constructive 
energy  as  being  weak  or  strong  in  the  same  plant  in  different  conditions, 
or  as  being  of  a  low  or  high  tvpe  in  different  classes  of  plants ;  and  such 
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coflea  08  those  just  named  Beein  to  show  that  a  weak  conetructive  enei^ 
has  a  great  tendency  to  give  rise  to  resiilti*  analogous  to  those  due  to  one 
of  low  type.  If  this  concluaion  should  be  confirmed  by  further  research, 
it  would  be  an  important  fact  in  connexion  with  the  theory  of  evolution, 
since  it  would  show  that,  as  iu  the  organization  of  animals,  where  deve- 
lopment is  arrested,  there  is  a  more  or  less  permanent  continuance  of  a 
lower  type  of  structure,  so  in  phmts  there  is  a  pcnuancut  continuance  of 
a  lower  type  of  colouring. 

Concluium, 
Such,  then,  is  a  general  account  of  the  present  state  of  what  I  have 
named  comparative  vegetable  chromatology.  I  cannot  but  feci  that  if  is 
very  incomplete,  both  in  compass  and  in  detail,  and  that  much  remains 
to  be  learned  respecting  nearly  every  thing  connected  with  it.  Not  only 
are  the  natural  objects  requiring  careful  study  very  numerous  and  often 
difficult  to  obtain  in  a  proper  condition,  but,  as  will  have  been  seen, 
several  new  questions  are  most  intimately  connected  with  my  subject — ■ 
questions  of  great  interest  in  connexion  w-ith  optics  and  chemistry,  which 
would  probably  never  have  been  raised  if  it  had  not  been  for  their  rela- 
tion to  the  facts  I  have  described.  There  are  indications  of  other  general 
questions  which  have  not  yet  been  fairly  examined,  and,  Jn  fact,  the  whole 
subject  must  be  looked  upon  as  being  quite  in  its  infancy.  At  the  some 
time  I  trust  that  what  I  have  described  will  be  sufficient  t*  show  that 
the  nature  and  relative  proportion  of  the  various  colouring-matters  in 
pluits  must  have  some  very  important  signification,  and  that  a  more  com- 
plete knowledge  of  comparative  vegetable  chromatology  may  be  expected 
to  throw  much  light  on  the  development  of  plants,  and  enable  us  to 
examine  some  of  the  most  fundamental  questions  in  biology  from  a  new 
and  independent  point  of  new.  The  subject  ia  also  interesting  in  other 
respects.  The  storing  up  of  the  energy  of  the  sun's  rays  in  the  various  ■ 
compounds  formed  by  plants  is  probably  so  intimately  connected  with 
the  optical  and  chemical  properties  of  some  of  their  coloured  constituents, 
that  the  further  extension  of  such  inquiries  as  I  have  described  may 
possibly  assist  in  clearing  up  this  very  diificult  and  yet  most  important 
problem. 

XXin.  "On  the  Action  of  Electricity  on  Gasca. — No.  II.  On 
the  Electric  Decomposition  of  Carbonic-Acid  Gas."  By  Sir 
B.  C.  BaoDiK,  Bart,,  D,C.L.,  F.R,S,,  late  Waynflctc  Pro- 
feeeor  of  Chemistry  in  the  University  of  Oxford.  Received 
June  19,  1873. 

(Abstract,) 

In  my  previous  experiments  the  maximum  amount  of  ojiono  obtained 

by  the  action  of  electricity  upon  pure  oxygen  passed  through  the  induc- 

tioa-tube  of  W.  Siemens  was  about  20  per  cent.,  an  amount  which,  under 
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the  conditions  of  the  experiment,  could  not  be  exceeded.  It  oocorred  to 
me  as  possible  to  rephM»  the  80  per  cent,  of  oxvgen  unaffected  by  the 
action  of  the  electricitj  bj  an  indi&rent  gas,  and  thus  to  effect  the 
complete  conversion  of  oxygen  into  ozone.  This  idea  was  the  starting- 
point  of  the  following  investigation. 

When  pure  and  drj  carbonic-acid  gas  \s  subjected  in  the  induction-tube 
to  the  electric  action,  a  certain  proportion  of  the  gas  is  decomposed  into 
carbonic  oxide  and  oxvgen,  a  portion  of  which  appears  in  the  form  of 
osoDe.  The  presence  of  this  ozone  may  be  detected  by  its  odour  and  the 
characteristic  oxidations  produced  by  it. 

It  was  a  point  of  fundamental  importance  to  determine  whether  the 
ozone  thus  generated  was  the  same  in  kind  as  that  formed  by  the  action 
of  electricity  on  pure  oxygen,  and  whether  the  oxidations  referred  to  were 
exclusively  due  to  it^  for  it  was  quite  conceivable  that  under  the  peculiar 
circumstances  of  the  experiment  other  substances  capable  of  producing 
similar  oxidizing  effects  might  be  formed.  Now,  in  the  investigation 
before  referred  to,  I  had  discovered  certain  quantitative  reactions  of 
ozone  by  which  this  substance  is  discriminated  from  all  other  known 
gases,  and  by  which  its  presence  may  be  detected  and  its  quantity 
estimated.  The  electrized  carbonic-add  gas  was  examined  by  the  aid  of 
these  reactions. 

When  the  electrized  gas  was  passed  through  a  solution  of  hyposul- 
phite of  soda,  it  was  found  to  undergo  a  diminution  in  volume  equal  in 
amount  to  twice  the  "  iodine-titre  "  of  the  gas,  the  mean  of  twelve  expe- 
riments giving  for  this  value  1*9,  the  "titre''  being  1.  The  oxidation  also 
effected  in  the  solution  of  hyposulphite  of  soda  was  equal  to  three  times 
the  "titre"  of  the  gas,  the  mean  of  a  set  of  five  experiments  giving  for  this 
value,  according  to  one  method  of  estimation,  2*72,  and  according  to  a 
second  and  more  exact  method  3*01 .  Again,  the  oxidation  effected  by 
the  electrized  gas  in  a  solution  of  protochloride  of  tin  was  equal  to  three 
times  the  "titre"  of  the  gas,  the  value  found  as  the  mean  of  six  experi- 
ments being  2*77.  Li  two  experiments  also,  in  which  both  the  oxidation 
and  contraction  were  respectively  estimated,  2*75  and  2-G9  were  the 
values  found  for  the  oxidation,  and  I'D  and  1*8  the  values  found  for  the 
contraction,  the  "  titre"  of  the  gas  being  in  all  cases  assumed  as  1 .  These 
experiments  conclusively  demonstrate  the  identity  of  the  ozone  formed 
by  the  action  of  electricity  upon  carbonic-acid  gas  vatYi  the  ozone  simi- 
larly generated  from  pure  oxygen. 

Various  experiments  were  instituted  with  the  view  of  ascertaining  the 
conditions  most  favourable  to  the  conversion  of  a  large  proportion  of 
this  oxygini  into  ozone.  The  conclusion  at  which  I  arrived  was  that  the 
greatest  proportion  of  ozone  in  relation  to  the  total  oxygen  was  pro- 
duced when  a  rapid  current  of  dry  carbonic-acid  gas  was  acted  upon  at 
a  low  temperature  by  electricity  of  feeble  tension.  When  these  condi- 
tions were  realized,  it  was  found  that  75  per  cent,  of  the  total  oxygen 


1878.]  Prttent:  485 

eliminated  in  the  induction-tube  by  the  decomposition  of  the  carbonio- 
idd  g&s  could  readily  be  converted  into  ozone,  but  that  it  was  difficult 
to  pus  this  limit.  This  amount  corresponds  with  the  formation  of  a  gas 
constatnted  of  oione  and  oxygen  in  the  proportion  of  two  units  of  ozone 
to  one  nnit  of  oxygen,  the  matter  of  the  oxygen  being  thus  distributed 
2p+p.  In  several  experiments,  nevertheless,  thii  limit  was  considerably 
exceeded ;  uid  a  table  is  given  of  nine  experiments,  in  which  the  amount 
per  cent,  of  ocone  ruiged  from  a  minimum  of  76'6  per  cent,  to  a  maximum 
of  85'S  per  cent.  This  latter  amount  corresponds  with  a  gas  constituted 
of  oeone  and  oxygen  in  the  proportion  of  four  units  of  OKone  to  one  of 
oxygen,  thus  ^+P.  In  this  case  the  ratio  of  the  total  oxygen  present 
to  tiie  titoe  of  the  gaa  is  3*5  ;  if  the  whole  oxygen  were  converted  into 
oKnie,the  value  of  this  ratio  would  be  3. 

These  experiments,  taken  in  connexion  with  those  described  in  my 
previous  communication,  leave  no  room  for  reasonable  doubt  as  to  the 
composition  of  the  unit  of  ozone,  which  is  the  triad  form  of  the  element 
o^gen,  and  is  to  be  symbolised  as  £',  an  h3rpothesis  henceforth  to  be 
regarded  as  conolnsively  demonstrated.  This  remarkable  discovery  has 
many  important  bearings  upon  chemical  theory,  especially  in  relation  to 
Ute  problem  elsewhere  rused  by  me  of  the  true  nature  of  the  elemental 
bodice  and  the  constitution  of  the  unit  of  the  element  chlorine,  which 
OBone  so  closely  resembles  in  its  chemical  properties,  and  which  is  also 
a  triad  element  symbolized  as  ax'- 
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November  20,  1878, 
Sir  OEORQE  BIDDELL  AIRY,  K.C.B.,  President,  in  the  Chair. 

In  parauance  of  the  StAtutes,  notice  of  the  ensuing  Anniversary  Sleet- 
ing was  ^Ten  from  the  Chair. 

Capt.  John  Herechei,  B.E.,  elected  in  1871,  was  admitted  into  the 
Society. 

General  Boileau,  Mr.  Etheridge,  Mr.  Merrifeld,  Mr.  Newmaivh,  and 
Prof.  Bamsay,  having  been  nominated  by  the  President,  were  elected  by 
ballot  Auditors  of  the  Treasurer's  Accounts  on  the  part  of  the  Society. 

The  FreseDtfl  rec^ved  were  laid  on  the  Table,  and  thanks  ordered  for 
tkexsL 

The  following  onnmunicatiwia  were  read : — 

I.  "Note  on  the  Electrical  Phenomena  which  accompany  irri- 
tation of  the  leaf  of  Dionaa  muicipnla"  By  J.  Bvkdon 
SANOEnsoN,  M.D.,  P.R.S.,  Professor  of  Practical  Physiology 
in  University  College.    Received  October  13,  1873. 

1.  When  the  opposite  ends  of  a  living  leaf  of  Dionoea  are  placed  on  non- 
polarizable  electrodes  in  metallic  connexion  with  each  other,  and  a 
Thomson's  reflecting  galvanometer  of  high  resistance  ia  introduced 
into  the  circuit  thus  formed,  a  deflection  is  observed  which  indicates  the 
existence  of  a  current  from  the  proximal  to  the  distal  end  of  the  leaf. 
This  current  I  call  the  normal  Uaf-current.  If,  instead  of  the  leaf,  the 
leaf-stalk  is  placed  on  the  electrodes  (the  leaf  remaining  united  to  it)  in 
such  a  way  that  the  extreme  end  of  the  stalk  rests  on  one  electrode  and 
a  part  of  the  stalk  at  a  certain  distance  from  the  leaf  on  the  other,  a 
current  is  indicated  which  is  opposed  to  that  in  the  leaf.  This  1  call  the 
ttalic-eurrent.  To  demonstrate  these  two  currents,  it  is  not  necessary  to 
expose  any  cut  surface  to  the  electrodes. 

2.  In  a  leaf  with  the  petiole  attached,  the  strength  of  the  current  is 
determined  by  the  length  of  the  petiole  cut  off  with  the  leaf,  in  such  a 
way  that  the  shorter  the  petiole  the  greater  is  the  deflection.  Thus  in  a 
leaf  with  a  petiole  an  inch  long,  I  observed  a  deflection  of  40.  I  then 
cut  oS  half,  then  half  the  remainder,  and  so  on.  After  these  successive 
amputations,  the  deflections  were  respectively  50,  C5,  90,  120.  If  in 
this  experiment,  instead  of  completely  severing  the  leaf  at  each  time,  it  is 
merely  all  but  divided  with  a  sharp  knife,  the  cut  surfaces  remaining  in 
accurate  apposition,  the  result  is  eiactly  the  same  as  if  the  severance  were 
complete ;  no  further  effect  is  obtained  on  separating  the  parts. 

3.  £^eet  of  cotulant  current  direOed  Arotigh  the  pttioU  on  the  leaf- 
awrtnt. — If  the  leaf  is  placed  on  the  galvauometer  electrodes  as  before, 
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and  the  petiole  introduced  into  the  circuit  of  a  small  Daniell,  a  com- 
mutator being  interposed,  it  is  found  that  on  directing  the  battery- 
current  down  the  petiole  (i.  e.  from  the  leaf),  the  normal  deflection  is  in- 
creased ;  on  directing  the  current  towards  the  leaf,  the  deflection  is  di- 
minished. 

4.  Negative  variation. — a.  If,  the  leaf  being  so  placed  on  the  elec- 
trodes that  the  normal  leaf-current  is  indicated  by  a  deflection  leftwards^ 
a  fly  is  allowed  to  creep  into  it,  it  is  observed  that  the  moment  the  fly 
reaches  the  interior  (so  as  to  touch  the  sensitive  hairs  on  the  upper 
surface  of  the  lamina),  the  needle  (Swings  to  the  right,  the  leaf  at  the 
same  time  closing  on  the  fly. 

b.  The  fly  having  been  caught  does  not  remain  quiet  in  the  leaf ;  each 
time  it  moves,  the  needle  again  svnngs  to  the  right,  always  coming  to 
rest  in  a  position  somewhat  further  to  the  left  than  before,  and  th^i 
slowly  resuming  its  previous  position. 

e.  The  same  series  of  phenomena  present  themselves  if  the  sensitive 
hairs  of  a  still  expanded  leaf  are  touched  with  a  camel-hair  pencil. 

d.  If  the  closed  leaf  is  gently  pinched  with  a  pair  of  forceps  with  cork 
points,  the  effect  is  the  same. 

e.  If  the  leaf-stalk  is  placed  on  the  electrodes,  as  before,  with  the  leaf 
attached  to  it,  the  deflection  of  the  needle  due  to  the  stalk-current  is  tn- 
creased  whenever  the  leaf  is  irritated  in  any  of  the  ways  above  described. 

/.  If  half  the  lamina  is  cut  off  and  the  remainder  placed  on  the  elec- 
trodes, and  that  part  of  the  concave  surface  at  which  the  sensitive  hairs 
are  situated  is  touched  with  a  camel-hair  pencil,  the  needle  swings  to  the 
right  as  before. 

g.  If,  the  open  leaf  having  been  placed  on  the  galvanometer  electrodes 
as  in  a,  one  of  the  concave  surfaces  is  pierced  with  a  pair  of  pointed 
platinum  electrodes  in  connexion  with  the  opposite  ends  of  the  secondary 
coil  of  a  Du  Bois-Eeymond's  induction  apparatus,  it  is  observed  that 
each  time  that  the  secondary  circuit  is  closed  the  needle  swings  to  the 
right,  at  once  resuming  its  former  position  in  the  same  manner  as 
after  mechanical  irritation.  No  difference  in  the  effect  is  observable 
when  the  direction  of  the  induced  currents  is  reversed.  The  observation 
may  be  repeated  any  number  of  times;  btU  no  effect  is  produced  unless  an 
interval  of  from  ten  to  twenty  seconds  has  elapsed  since  the  preceding  irritation, 

h.  If  the  part  of  the  concave  surface  of  the  leaf  which  is  nearest  the 
petiole  is  excited,  whether  electrically  or  mechanically,  the  swing  to  the 
right  (negative  variation)  is  always  preceded  by  a  momentary  jerk  of  the 
needle  to  the  left,  t.  e,  in  the  direction  of  the  deflection  due  to  the 
normal  leaf-current ;  if  any  other  part  of  the  concave  surface  is  irritated, 
this  does  not  take  place. 

i.  Whether  the  leaf  is  excited  mechanically  or  electrically,  an  interval 
of  from  a  quarter  to  a  third  of  a  second  intervenes  between  the  act  of 
irritation  and  the  negative  variation. 
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n.  '^  On  the  Algebraical  Analogues  of  Logical  Relations/'  By 
Albxandbe  J.  Ellis,  B.A.,  F.R.S.,  P.S.A.,  F.C.P.S.,  F.C.P. 
Received  March  19,  1873. 

(Abstract.) 

The  object  of  this  paper  is  to  examine  the  "  mathematical  theory  of 
logic,**  thus  laid  down  by  Dr.  George  Boole  in  his  *  Laws  of  Thought/ 
p.  37 : — ^"  Let  us  conceive  of  an  Algebra  in  which^  the  symbols  a?,  y,  «, 
&•  admit  indifferently  of  the  values  0  and  1,  and  of  these  values  alone. 
The  laws,  the  axioms,  and  the  processes  of  such  an  algebra  will  be 
identical  in  their  whole  extent  with  the  laws,  the  axioms,  and  the  pro- 
cesses of  an  Algebra  of  Logic.  Difference  of  interpretation  will  alone 
divide  them."  For  this  purpose,  first  the  laws  of  such  an  algebra  have 
been  investigated  independently  of  logic ;  and  secondly  the  laws  of  primary 
and  secondary  logical  propositions  as  laid  down  by  Dr.  Boole  have  been 
developed  in  an  algebraical  form,  and  compared  with  the  former.  The 
main  results  presumed  to  be  established  are : — 

1.  That  there  is  a  fundamental  difference  between  such  an  algebra 
and  logic,  inasmuch  as  the  algebra  admits  of  only  two  phases,  0  and  1, 
and  logic  admits  of  three  phases,  namely,  not  only  none  and  all,  corre- 
sponding to  0  and  1,  but  also  same,  **  which,  though  it  may  include  in  its 
meaning  aU,  does  not  include  none  "  (ibid.  p.  124),  and  hence  has  no 
analogue  in  such  an  algebra ;  that  is,  an  algebra  oE  0  and  I  can  corre- 
spond only  to  a  logic  of  ^lone  and  aU. 

2.  That,  notwithstanding  this  difference,  there  are  certain  formal  re- 
lations of  equations  which  allow  the  algebra  of  0  and  1  to  be  used  as  an 
algorithm  for  the  purpose  of  arriving  at  certain  logical  forms,  which, 
however,  have  then  to  be  interpreted  on  a  basis  which  has  not  even  any 
analogy  to  the  algebraical. 

3.  That  the  introduction  of  this  algorithm  introduces  theoretical  diffi- 
culties, adds  to  the  amount  of  work,  and  is  entirely  unnecessary  even 
for  the  purposes  of  the  theory  of  probabilities  founded  upon  it  by  Dr. 
Boole. 

In  the  paper  the  general  case  is  examined,  and  a  solution  is  pro- 
posed for  the  difficulties  arising  from  the  interpretation  of  the  symbols 
5  and  ^,  which  Boole  says  "  must  be  established  experimentally  "  (ibid, 
p.  92).  The  following  simple  case  will  show  the  nature  of  the  investi- 
gation ;  but,  for  brevity,  even  this  case  is  not  fully  considered. 

Li  algebra,  let  a:  and  y  have  either  one  of  the  values  0  or  1,  and  no 
other.    And  let  a?',  y'  be  connected  with  them  by  the  equations 

l=a?-fa?'    and     l=y-fy' (a) 

Then  ara/=0,  and    ir=a7'; (b) 

and  by  simple  multiplication 

a?=:a^+a?y,         x'=zx'y+a?'y', (c) 

l=s:a.'y+^y  +  ^y+^y' (d) 
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In  (d)  one  term  on  the  right  mustssl^  and  ea^  one  of  the  rest  must 
csO.  This  has  no  logical  analogue.  The  ambiguity  is  diminished  by 
taking  some  relation  between  a:  and  y,  as  x^xy^  which  by  (e)  gives 
fl?y'=0,  and  hence,  by  ((I), 

showing  that  one  of  three  (instead  of  four)  terms  rniui  b1,  and  each  of 
the  other  two  must  saO.  This  has  also  no  logical  analogue.  But  in  («) 
we  find  that  x  occurs  only  in  the  term  xy,  and  if  only  in  the  term  afy\ 
whereas  of  and  if  both  occur  in  two  terms.  This  is  the  only  relation 
useful  in  logic.  But  further,  owing  to  the  necessity  for  all  terms  vanish- 
ing except  one,  there  can  be  only  one  term  in  which  x  occurs,  iu  which 
case  neither  x'  nor  if  can  occur,  and  there  may  be  no  such  term.  This 
again  has  no  logical  analogue. 

In  logic  (only  a  primary  proposition  being  considered  for  brevity)  let 
U  be  the  things  themselves  in  the  "  universe  of  our  discourse  "  {ifnd. 
p.  44),  X  those  among  them  having  the  name  X.  and  attribute  X«,  and 
similarly  for  Y,  Y^,  Y..  Also  let  X',  Y'  be  those  things  among  them 
which  are  not  X  and  Y.  Let  XY  mean  those  things  X  which  are  also 
things  Y,  and  YX  those  things  Y  which  are  also  thiogs  X.  Let  FsQ 
mean  that  the  group  of  things  F  is  the  same  as  the  group  of  things  Q. 
Then,  disregarding  the  order  in  which  attributes  occur,  and  the  number 
of  times  that  they  recur,  XYssYX,  and  XssXX.  Let  vP  represent  the 
nvmher  of  the  things  P,  then 

vU=vX   +vX',vTJ=:vY-fvY',  vXX'=:0,    yX=vXX,      .    (a',  5') 
yX=vXY-f  ,/XY'  yX'=yXT  +vXT',    ....    (c') 

yTJ=i/XY4-vXY'+vXT+yX'Y', {d!) 

which  are  of  the  same  form  as  (a,  6,  c,  d).  But  in  {d'\  although  one 
term  on  the  right  may  =^11,  in  which  case  each  of  the  rest  must  =0, 
most  generally  no  term  on  the  right  of  (d')  will=vU,  and  any  number  of 
the  terms  may  be  greater  than  0.  This  has  no  analogue  in  the  algebra 
in  question.  If  there  is  a  limiting  equation  as  X=XY,  or  "  all  X  is  Y," 
giving  vXY'=0  from  (c'),  or  "  there  is  no  X  which  is  not  Y,"  then  (cT) 
reduces  to 

yr=vXY+vXT+yXT', (O 

and  all  the  X  which  exist  (there  may  be  none)  are  Y,  and  aXl  the  Y' 
which  exist  (there  may  be  none)  are  X'.  This  has  the  algebraical  ana- 
logue already  mentioned.  But  there  may  be  loth  X  and  Y',  in  which 
case  neither  vXY  nor  vXT'  either =yTJ  or=0,  and  this  has  no  alge- 
braical analogue.  Again,  whether  either  or  neither  of  yX  and  yY'=0, 
yX'Y  may  be  greater  than  0 ;  and  this  has  no  algebraical  analogue — al- 
though, if  both  vX=0  and  yY'=0,  then  fX'Y==i/TJ,  which  has  an  alge- 
braical analogue. 

The  difference  between  the  laws  of  such  an  algebra  and  of  logical  cal- 
culation, therefore,  appears  to  be  one  of  principle  and  not  of  interpreta- 
tion  only.  • 
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November  27,  1873. 

W.  SPOTTISWOODE,  M.A.,  Treasurer  and  Vice-Preaident,  in 
tlie  Cbair. 

In  pursuance  of  the  Statutes,  notice  was  given  from  the  Chiur  of  the 
ensning  AmayenarY  Meetdng,  and  the  list  of  Officers  and  Council  pro- 
posed for  election  was  read  as  follows : — 
■      iVotdewi.— Joseph  Dalton  Hooker,  C.B.,  MJ).,  O.C.L.,  LL.D. 
Trtatvrer. — William  Spottiswoode,  MA.,  LL,D. 

Saretaria  —  /  ^^-  '^'^^W  Gabriel  Stokes,  M.A.,  D.CX.,  LLJ). 
■     I  Prof.  Thomas  Henry  Huiley,  LLJ).,  Ph.D. 

Foreign  Seerttary. — Prof.  Alexander  William  Williamson,  PhJ). 

OHmt  MembertofiheCmm»dl.—Bvt  George  Biddeli  Airy,  K.C.B.,  MA.; 
Sir  B.  C.  Brodie,  Bart,  MA.,  D.C.L. ;  Prof.  Arthur  Cayley,  LLJJ. ; 
John  Bvane,  Sec.  G.8.,  F.8.A.;  Daniel  Hanbury,  Treae.  L.8.;  Nevil 
Story  Maskelyne,  M.A. ;  Prof.  James  Clerk  Maxwell,  MA. ;  C.  Wat- 
kins  Merrifield,Hon.8ec.I.N.A.  j  Joseph  Prestwich.V.P.G.S.;  Andrew 
Crombie  BAmsay,  LL.D. ;  Bear-Admiral  G.  H.  Bichards,  C.B. ;  Prof. 
George  Bolleston,  MJ>.,  M.A. ;  Prof.  J.  S.  Burden  Sanderson,  M.D. ; 
William  Sharpey,  MJ>.,  LL.D. ;  FranciB  Sibson,  M.D. ;  Major-Gen. 
B.  Strachey,  KE.,  CS  J. 

Dr.  Aitken,  Dr.  Paget,  and  Lord  Bayleigh  were  admitted  into  the 
Society. 

Pursuant  to  notice  given  at  the  last  Meeting,  Baron  Jean  Baptiste 
Jnlien  D'Omalius  d'Halloy  of  BruBsels,  Georg  Adolph  Ermui  of  Berlin, 
Asa  Gray  of  Cambridge,  Massachusetts,  EranK  Gustav  Jakob  Henle 
of  Gottingen,  Charles  Hennite  of  Paris,  and  Otto  Struve  of  Pulkowa, 
were  balled  for  and  elected  Foreign  Members  of  the  Society. 

The  Presents  received  were  lud  on  the  Table,  and  thanks  ordered  for 


The  following  commnnications  were  read : — 

I.  "On  the  Optical  Properties  of  a  new  Chromic  Oxalate."  By 
Waltsb  Noel  Habtlet,  F.C.S.,  Demonstrator  of  Chemistry, 
King's  College,  London.  Communicated  by  Dr.  Gladbtonx, 
F.R.S.     Received  June  19, 1873. 

With  the  view  of  making  a  series  of  spectroscopic  otwervationB  on 
coloured  salts,  I  have  lately  prepared  many  salts  of  chromium,  and  have 
been  successful  in  obtaining  some  interesting  new  substances,  one  of  which 
is  remarkable  alike  in  its  chemical  constitution,  its  fine  crystalline  char 
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ract«r,andit9optical  properties.  It  lias  the  formula     q^i..  >3C,0^.4H,0, 
■nd  must  tberefore  be  called  potcuna-calavm  e&romte  oafoJate. 

Preparation. — a.  By  miiiiig  the  blue  potassiiim  chromic  oxalate  with 
calcium  chloride :  the  Botutions  should  be  dilute  and  wano.  The  salt  is 
deposited  in  cryatalB. 

^,» }  3C,(0,)+Cb"Cl,-^ ^..,  1 3C. (0J+2K CL 

h.  By  boiling  a  solution  of  red  potassium  chromic  oxalate  with  freshly 
precipitated  calcium  oxalate,  a  solution  is  made  which  deposits  the  new 
salt,  after  the  foUoning  equation  : — 

^.„  }  2(C,0.)+Ca"C,0.  =  ^g;i }  3(C,0J. 

The  former  method  is  preferable. 

It  was  noticed  that  the  crystals  became  opaque  and  of  a  greenish-Tiolet 
tint  when  dried  over  sulphuric  acid,  though  their  general  appearance  is 
of  a  brilliaut  greenish-black  lustre.  A  basinful  of  crystals  was  then 
divided,  one  portion  being  dried  by  pressure  between  folds  of  filter-paper, 
and  the  other  by  etaudiiig  in  a  desiccator  for  thirty  hours ;  the  difference  in 
appearance  previously  noticed  became  evident.  Desiccation  in  vaato 
over  sulphuric  acid,  as  well  as  heating  to  100°  C,  renders  these  crystals 
anhydrous ;  and  they  have  then  n  decidedly  violet  colour,  with  a  silky 
lustre  i  exposure  to  the  air  even  while  being  weighed  renders  them  green 
again,  the  green  tint  commencing  at  the  edges,  which  shows  that  they 
readily  reabsorb  water.  The  analysis  of  the  salt  was  made  by  fusing  it 
with  2iJ  times  its  weight  of  a  misture  of  equal  parte  of  sodium  carbonate 
and  potassium  nitrate.  The  filtrate  was  in  some  cases  neutrali;»d  with 
acetic  acid,  acidulated  with  nitric  acid,  and  the  chromium  precipitated  as 
mercurous  chromate,  and  ignited  as  usual ;  in  other  cases  the  chromate 
was  reduced  with  a  drop  or  two  of  an  alcoholic  solution  of  sulphurous 
oxide,  and  the  sesquioxide  precipitated  by  ammonia.  The  potassium  was 
estimated  by  fusing  the  salt  alone,  dissolving  in  hydrochloric  acid,  and 
precipitating  with  platinic  chloride. 

Analysit. 

Weight  of  islt.  Dried  over 

grni.  H,50,.  H,01oet. 

1 1  0-961  3-9  per  cent. 

II 1  0060  4-0 

Heated  to  100°  C. 

H,  0  lost.  Total  water. 

1 0-879  121  per  cent.       16-00  per  cent. 

h  II O-tSrO  121         „  16-10       ,. 
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Weight  of  salt  taken  . 

Found. 

QiCO 

.   1-853        1-78 

.  0-4163      0-3797 
.  0-3062      0-2823 

Pworatageeo 
I.             II. 
.     8-52         8-53 
.   15-67       15-85 
.    16-0         16-1 

1-34 

Cr,0, 
K.... 

0-1942 

Ca.... 

in, 

8-48 

H.0... 

K 

16-0 

Formula  of  si 

tH,0. 

Foimd. 

Caloulatsd.           I.                    II.  m. 

Ca —    8-56            8-48            8-52  8-53 

K    B     8-35  8-00  

Cp —11-13          11-15          10-57  10-63 

H,0   =  16-41          1600          1600  16-10 

SolabiUb/. — 1  part  of  the  salt  dJesolved  in  about  22  of  water  at  16°  C* 
and  in  5  parts  at  100°C. 

It  may  be  noticed  that  the  water  found  is  a  little  above  the  calculated 
amount,  just  bo  much  in  fact  oa  the  chromium  is  too  low ;  this  ia  not  to 
be  wondered  at  when  the  singular  nature  of  the  salt  is  taken  into  account, 
a  salt  which  at  the  ordinary  atmospheric  pressure  and  temperature  loaes 
4  per  cent.,  or  1  molecule  of  water  in  dry  air — a  substance  that  can  be 
dried  only  by  crushing  between  bibulous  paper  and  exposure  in  an  open 
place  to  cool  air.  The  solution,  of  a  greenish-purple  colour,  when  boiled 
becomes  more  decidedly  green,  and  assumes  its  original  colour  on  cooling. 
A  Uttle  calcdnm  oxalate  generally  separates  out  during  recrystallization, 
The  salt  is  exceedingly  stable,  and  it  crystallizes  with  the  greatest  ease 
from  hot  or  cold,  add  or  neutral  solutions,  and  can  be  precipitated  in 
the  crystalline  state.     It  is  almost  insoluble  in  strong  hydrochloric  acid. 

The  following  are  the  properties  of  the  crystals ; — When  deposited 
slowly  they  are  formed  in  clusters,  the  individual  crystals  being  never 
more  than  j^  of  an  inch  in  thickness  and  j  an  inch  long.  They 
possess  a  greenish-black  lustre,  and  apparently  consist  of  prisms  with  a 
rectangular  base;  they  reflect  white  light.  From  hot  solutions  much 
smaller  crystals  deposit;  their  colour  is  oUve-green  in  day%ht,  and 
■  Calculated  from  0'424  grm.  of  platinum. 
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beetroot-red  by  gaslight.  Under  like  dicumstanoeB  the  powdered 
substance  is  of  the  same  colour.  Minute  crystals,  examined  in  dayli^t  by 
the  microscope,  are  of  a  pale  green  tint ;  fragments  of  large  crystals  coarsely 
powdered  appear  of  idmost  all  tints,  rich  green  and  blue  prerailing. 
Larger  crystals,  deposited  by  spontaneous  eyapcmition  of  a  cold  solution^ 
appear  of  two  colours  chiefly,  a  beautiful  blue  and  rich  green,  with  some- 
times a  tinge  of  deep  rod,  their  appearance  being  exceedingly  charming. 

Occasionally  crystals  of  a  good  size,  seen  by  reflected  light,  appear  of  two 
colours ;  this  has  been  observed  in  a  mass  of  crystals  removed  from  a 
glass  dish,  where  they  had  grown  in  contact  with  the  glass ;  distinct  blue 
and  green  patches  of  colour  were  seen  intermingled.  These  crystals 
most  likely  had  not  true  surfaces,  but  were  covered  with  smaller  crystals, 
so  that  light  reflected  from  the  large  facets  became  colour  by  transmission 
through  small  crystals.  A  quantity  of  the  salt  crystallized  in  isolated 
prisms  in  the  bottom  of  a  beaker  glass  was  examined  by  looking  directly 
at  the  sun ;  thus  viewed  they  were  ruby-red ;  on  turning  away  from  the 
direct  rays  at  an  angle  of  30°  they  appeared  green ;  and  on  moving  still 
further  round,  some  of  them  appeared  blue.  We  may  thus  vary  the 
colour  of  the  crystals  by  admitting  white  light  to  them  at  different 
angles.  An  experiment  was  made  in  order  to  ascertain  whether  viewing 
a  crystal  through  different  axes  produced  alterations  in  colour.  It  was 
not  easy  to  see  how  this  could  be  done,  because  a  crystal  -^^  of  an  inch 
thickness  would  certainly  be  too  large  to  transmit  light  sufficiently  well. 
I  devised,  however,  the  following  plan,  and  successfully  overcame  the 
difliculty.  Taking  a  quill  tube  of  good  glass  free  from  streaks  and 
bubbles,  I  drew  this  out  sharply  to  a  capillary  size,  and  ran  a  minute 
crystal  into  it  with  a  little  of  the  mother^Uquor ;  by  blowing  into  the  tube 
the  liquid  was  slowly  expelled,  while  the  crystal  was  securely  wedged 
into  the  fine  end,  and  so  remained  stationary  when  the  tube  was  turned 
over.  To  make  a  stage  for  holding  this,  a  glass  slip  had  a  cork  bored 
with  a  hole  cemented  to  it ;  the  tube  being  passed  through  the  hole,  could 
be  turned  over  without  displacement  from  the  field  of  the  microscope. 

In  the  first  observation  the  crystal  looked  opaque ;  but  here  and  there 
an  indistinct  red  light  shone  through  on  turning  it ;  a  green  tint  with  a 
shade  of  red  next  made  its  appearance,  the  green  became  full  and  bril- 
liant; opacity  next  succeeded,  and  then  blue  with  a  tinge  of  green; 
finally  the  full  beautiful  blue  colour.    In  each  revolution  of  a  crystal 
there  were  two  periods  of  blue,  two  of  green,  and  two  of  opacity  with  a 
tinge  of  red.     When  a  crystal  so  small  as  to  be  quite  transparent  in  any 
position  was  examined  in  this  manner,  it  was  seen  that  purely  red  light 
was  transmitted  through  it^  edges.  It  is  thus  rendered  very  evident  that  the 
play  of  colour  is  due  to  pleochroism,  or  the  property  which,  by  virtue  of 
double  refraction,  some  minerals  possess  of  transmitting  l^ht  of  dif- 
^  ferent  tints  through  their  different  crystalline  axes.    I  have  examined 
Ipuuiy  well-crystallized  salts  in  the  manner  already  described,  and  there 
)  none  which  can  compare  with  potassio-calcium  chromic  oxalate.    The 
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-  platmocjrBnides,  moat  beMitiful  crfBtallme  coloured  bodies,  attncted  my 
ati«ntioa ;  but  their  prominent  properties  are  the  converse  of  my  salt ; 
they  reflect  two  or  three  different  coloured  rays,  but  transmit  only  one. 
Sadi  saltfi  are : — 

Magnesium  platinocyanide    Mg  Cy, .  Pt  Cy, .  7H,  O. 

Barium  platinocyanide  Ba  Cy, .  Pt  Cy, .  7H,  0, 

Potassia4Dagneeiamplatinocyanide MgK,.Cy^.2PtCy,.7H,0. 

Barium  chloro-platinocyanide   6(PtC^,)BaPfcCyjCl,jrH,0. 

The  following  I  have  also  oxamined  : — 

Green  salt  of  Mi^UB 2NH,.PtCl„ 

Boeeo-cobaltio  chloride Co  Q,.  5H,N  .H,0, 

and  Claudaf 8  salt*  CoCl, . 6H,N. HgCl,. 

Hflidinger*,  however,  who  ezandned  the  magnesium  platinocyanide, 
found  that  although  to  the  unaided  eye  the  light  transmitted  was  of  a 
pure  canuine-red,  yet  the  dichroscopic  lens  showed  that  the  colour  of 
thin  crystals  was  distinctly  separatad  into  crimson-red  and  a  tint  less 
blue.  The  two  axes  of  Ain  crystals  give  spectra  which  do  not  differ 
from  each  other  materially,  nor  from  the  solution  of  this  salt  in  par- 
ticular, nor  from  chromium  salts  gMierally.  I  noticed  that  solutions  of 
the  salt,  when  left  to  evaporate  spontaneously  in  porcelain  dishes,  fre- 
quently formed  crystalline  crusts,  which  adhered  to  the  sides  for  an  inch 
or  so  above  the  liquid ;  and  it  occurred  to  me  that  such  crusts  would 
serve  admirably  for  spectroscopic  observations,  isolated  crystals  bdng 
too  small.  Having  purposely  prepared  a  good  quantity  of  the  salt  in 
this  state,  portions  were  selected,  mounted,  and  examined  with  the  micro- 
spectroscope  in  brilliant  sunlight,  with  the  result  that  thtee  different 
spectra  were  observed.  The  accompanying  sketch  shows  the  relative 
poflititnu  of  tlie  transmitted  rays. 


■  Ill  11  ■■■■;■'■ 

It 

luiHinaHH 

H     1 

■■■■■■■I 
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H       II 

11 
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The  red  tint,  seen  when  looking  at  the  diagonal  to  the  base  of  the 
prism,  consisted  of  one  red  luminous  band  only  between  0  and  2  on 
•  Pogg,  Ann,  vol.  iTtL  p.  89. 
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Sorb/s  scale.  The  green  rays  passing  through  a  short  axis  oonaifited  of 
the  red  band  0-2,  and  one  green  band  between  5  and  6*5,  the  blue  rays 
passmg  at  right  angles  to  the  former  being  situated  between  6*5  and  9. 
Very  frequently  the  blue  rays  were  associated  with  the  red  band  0-2. 
If  these'  spectra  be  combined,  the  absorptionHspectmin  common  to  the 
solution  and  to  thin  crystals  is  produced. 

Examined  with  a  Nicol's  prism  and  with  similar  crystals  used  as  analjrsers, 
it  was  found  that  this  substance  is  a  powerful  polarizer.  There  is  a 
marked  difference  when  the  blue  and  the  green  rays  are  examined  with 
a  Nicol's  prism,  the  former  being  much  more  completely  polarized  than 
the  latter,  so  that  in  rotating  the  Nicol  there  is  an  alternation  of  brilliant 
blue  and  perfect  darkness — if  the  crystal  be  thin,  of  blue  and  reddish 
green.  If,  however,  a  crystal  transmitting  green  rays  of  equal  brilliancy 
be  examined,  the  light  is  not  cut  off,  but  only  obscured.  In  like  manner, 
if  both  analyzer  and  polarizer  consist  of  these  crystals,  when  in  a  position 
at  right  angles  to  each  other,  the  effect  of  course  is  the  same  as  that  pro- 
duced by  a  Nicol's  prism,  viz.  only  green  rays  are  transmitted.  The  green 
ray  is  more  strongly  refracted,  and  at  the  same  time  more  absorbed  than 
the  blue,  in  accordance  with  Babinet's  law  (Pogg.  'Annalen,'  vol.  xli. 
p.  116).  This  was  made  evident  from  their  apparent  change  of  colour 
when  white  light  was  admitted  to  them  at  different  angles.  These 
observations  account  for  the  facts  already  noticed — namely  that  minute 
crystals  appear  green  even  under  the  microscope,  and  also  that  the 
powder  is  green. 

Let  us  take  haphazard  a  number  of  crystals,  or  fragments  of  crystals, 
lying  in  all  directions  over  each  other,  and  it  is  easy  to  see  that  no  blue 
rays  can  be  transmitted ;  for  where  two  crystals  cross,  the  light  trans- 
mitted is  green.  The  green  rays  being  more  absorbed  (that  is  to  say, 
travelling  with  less  facility)  than  the  blue,  it  is  possible  to  have  a 
blue  crystal  so  thin  as  to  transmit  white  light  through  one  axis,  while 
green  rays  would  pass  at  right  angles  through  the  other ;  under  these 
circumstances  the  crystals  would  appear  green.  The  red  coloiu*  seen  by 
gaslight  is  of  course  due  to  the  suppression  of  the  green  and  blue  by  the 
yellow  illumination. 

I  find  that  Sir  Da\id  Brewster*,  and  also  Haidinger,  have  examined 
the  blue  potassium  chromic  oxalate  of  Gregory;  and  many  of  it«  pro- 
perties are  those  also  of  my  salt.  Brewster  t  states : — "  In  the  smaller 
crystals,  which  are  generally  the  best  formed,  the  colour  of  both  reflected 
and  transmitted  daylight  is  blue,  but  that  of  candle-light  is  purplish." 
"  The  relations  of  this  salt  to  plain  and  polarized  light  may  be  readily 
examined  and  finely  exhibited  by  placing  upon  a  plate  of  glass  a  few  drops 
of  a  saturated  solution  of  it  in  water.  If  the  crystals  are  slowly  formed, 
they  will  be  found  of  various  thicknesses,  each  thickness  exhibituig  a 
different  colour,  varying  from  perfect  transparency  through  all  shades  of 
*  Phil.  TronB.  1835.  part  1.  t  Phil.  Mag.  Tol.  vii.  p.  435. 
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paU  yeUoWy  greeny  and  blue  in  daylight,  and  through  all  shades  of  pale 
ffeUaWy  pale  orange,  red,  and  bltte  in  candle-light."  I  find  the  colour  of 
small  crystals  by  reflected  light  is  not  always  blue,  but  varies  between 
blue  and  green,  just  as  does  the  new  salt  under  the  circumstances  already 
mentioned.  Agaip,  the  variations  in  tint  of  small  crystals  is  attributed 
to  the  differences  in  thickness ;  but  it  is  really  due  to  pleochroism  of  a 
character  identical  with  that  in  my  salt.  A  crystal  powdered  up  coarsely, 
and  placed  under  the  microscope,  no  longer  presents  a  blue  colour,  but 
consists  of  a  beautiful  collection  of  coloured  fragments,  decided  r^,  green, 
blue,  and  yeUaw,  besides  all  imaginable  intermediate  tints,  such  as  neutral 
green  and  greenish  blue.  These  tints  change  as  the  fragments  roll  over 
in  the  Uquid  surrounding  them.  This  property  is  not  noticed  by 
Haidinger,  who,  in  a  contribution  to  PoggendorfTs  *  Aimalen '  ♦  on  the  pleo- 
chroism of  this  potassium  salt,  states  that  the  dichroiscope  showed  the 
ordinary  image  to  be  green,  and  the  extraordinary  blue,  the  blue  tint 
being  the  brighter,  so  that,  the  colours  being  brought  together  in  day- 
light, the  blue  prevails. 

Brewster  noticed  previously  that,  the  images — produced  by  double  re- 
fraction in  these  crystals,  the  least  refracted  was  blue,  and  the  most 
Infracted  green. 

Bunsent  has  obtained  different  absorption-spectra  by  passing  polarized 
light  through  different  axes  of  crystals  of  didymium  sulphate. 

Light  in  traversing  a  crystal  of  such  a  substance  as  this  new  com- 
pound is  both  coloured  and  polarized  by  the  crystal  itself ;  it  is  there- 
fore impossible  to  regard  its  spectrum  by  other  than  polarized  light.  We 
therefore  get  different  kinds  of  absorption  in  different  crystalline  axes, 
which  are  manifested  in  a  striking  manner  by  the  varying  colours  the 
salt  preisents.  This  well  exemplifies  the  fact  that  pleochroism  results 
from  the  polarization  of  light  traversing  a  doubly-refracting  coloured 
medium. 

From  the  microscopic  examination  of  many  similar  new  compounds, 
namely  ammonio-calcium,  potassio-ammonium,  potassio-lithium,  potas- 
sio-thallium,  barium,  and  strontium  chromic  oxalates,  it  was  found  that 
the  efficiency  in  displaying  pleochroism  was  inversely  as  the  molecular 
weight  of  the  compounds,  because  the  property  depends  upon  the 
amount  of  colour  the  chromium  gives  to  the  crystals.  The  proportion 
of  chromium  is  of  course  larger  when  it  is  associated  with  other  elements 
possessing  small  atomic  weights.  And  whether  we  have  40  parts  of 
calcium  or  406  of  thallium  in  a  compound  associated  with  52  of  chro- 
mium, is  a  matter  which  greatly  affects  the  percentage  of  chromium  in 
the  substance. 

It  was  at  first  supposed,  from  the  totally  different  appearance  of  the 
salt  when  precipitated,  and  when  slowly  formed  in  large  crystals,  that 
two  compounds  were  obtained,  it  being  a  common  occurrence  to  have 
*  Vol.  Ixxvi.  p.  107.  t  Pogg.  Ann.  vol.  cxxriii. 
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two  modificatioiiB  of  a  duomiiim  salt,  as  for  instanoe  ihe  blue  and  ihe 
green  eolations  of  diromic  nitrates  and  eolphatee.  Chemical  analjnai 
howerer,  showed  them  to  be  identical  in  composition,  while  tiie  eryatal- 
lization  and  dose  examination  of  many  specimens  disclosed  the  nature  of 
the  snbstanoe.  I  hare  come  to  the  ccmclnsion  that  this  is  certainly  the 
most  remarkable  example  of  pleochroiBm  at  present  known. 


Non. — ^Beodved  Norember  7, 1873. 

I  find  that  the  potassio-calciam  chromic  oxalate  ia  a  substance  which 
excels  uranium  compounds  as  a  test  for  the  purity  of  white  light.  It  is 
well  known  that  uranic  salts  exhibit  daric  bands  in  tiie  blue  part  of  the 
spectrum,  which  cannot  be  seen  by  gas-light  although  plainly  visible  by 
day ;  they  are,  however,  shown  with  some  distinctness  by  the  lime-light. 
This  chromium  compound  shows  a  red  tint  by  gas-light,  red  and  blue  by 
the  lime-light,  while  by  the  light  of  magnesium  wire  or  the  sun  it  displays 
red,  blue,  and  green.  So  sensitiye,  indeed,  is  this  substance  that  its  true 
colour  cannot  be  seen  on  an  ordinary  November  morning  in  London,  some 
crystals  appearing  blue,  others  of  a  colour  varying  between  neutral  grey, 
lilac,  and  red  tints,  according  to  the  yellowness  of  the  atmosphere. 

To  the  list  of  substances  examined  for  pleochroVsm,  I  have  now  to  add, 
besides  the  minerals  well  known  to  possess  this  property : — 

Sulphate  of  iodo-quinine. 

Sulphate  of  iodo-dnchonidine. 

Sulphate  of  iodo-quinidine. 

Potassio-palladium  chloride. 

Ammonio-palladium  chloride. 

Potassium  permanganate. 

Teriodide  of  tetrethylammonium. 
The  powerful  polarizing  qualities  of  the  first  two  iodine  compounds 
are  well  known ;  they  have  been  described  by  Dr.  Herapath*  and  Prof, 
Stokes.  As  they  crystallize,  however,  in  thin  plates,  it  is  impossible  to 
transmit  light  through  more  than  one  aids ;  they  cannot  therefore  be 
brought  into  comparison  with  my  substance.  Endeavours  to  obtain 
large  thick  crystals  did  not  meet  with  success.  Sulphate  of  iodo-quinidine 
crystallizes  in  beautiful  orange-brown  prisms  with  a  violet  lustre ;  it  is, 
however,  but  a  feeble  polarizer,  and  therefore  does  not  exhibit  pleochroVsm 
to  any  noticeable  extent.  The  double  palladium  salts  which  have  been 
previously  examined  are  beautifully  pleochroic  prismatic  crystals  ex- 
hibiting an  orange-brown  tint  along  the  principal  crystalline  axis,  and  a 
green  in  other  positions.  It  is  well  seen  in  crystals  i  millim.  in  thick- 
ness. Potassium  permanganate  is  a  substance  which,  seen  even  in 
minute  crystals,  is  still  opaque.    A  very  dilute  solution  was  allowed  to 

»  Proo.  Boy.  Soc  viii.  1856-67.    Phil.  Mag.  S.  4.  vol.  iii.  1852 ;  ly.  1852 ;  vi.  1863. 
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dTstallize  on  a  slip  of  glass,  and  crystals  email  enough  to  be  tnttuparent 
were  examined  by  daylight  with  an  ^4nch  objediTe;  no  remai^able  dif- 
ference  wu  obserred  in  the  coloorof  different  cryBtalfl  of  the  uune  thick* 
ne68,  and  the  polariscope  did  not  show  them  to  be  pleochroi'c,  the  two 
contrasting  coloun,  violet  and  red,  being  due  to  different  thicknesses 
of  CTTstala.  To  aid  me  in  the  ^>ove  experiments,  Messrs.  Howards 
and  Sons,  of  Stratford,  ver;  generously  supplied  me  with  the  sulphates  of 
cinchonidine  and  quinidine  in  a  pure  state ;  and  I  beg  to  ofier  them  m; 
best  thanks  for  the  kindness.  The  iodine  compoond  of  the  tetrethyl- 
ammonium  occun  in  prismatic  crystals  resembling  the  sulphate  of  iod(^ 
qninidine,  bnt  exhibits  no  property  of  interest. 

II.  "  On  the  Qoautitative  Analysis  of  certain  Alloys  by  means 
of  the  Spectroscope."  By  J.  Nobmam  Locktxb,  F.B.S., 
and  William  Chandlzr  Robbetb,  Chemist  of  the  Mint, 
fieceiyed  November  20,  187S. 

(Abstract.) 

The  anthora,  after  referring  to  experiments  which  showed  clearly  tiiat  the 
■pectroscope  might  be  employed  to  detect  minuto  differences  in  the  com- 
position of  CCTtiun  alloys,  proceed  to  give  an  account  of  the  researches 
which  they  had  instituted  with  a  view  to  ascertain  the  d^ree  of  accuracy 
of  which  the  method  is  capable. 

The  image  of  an  electric  spark  passing  between  the  unknown  alloy 
and  a  fixed  electroile  being  thrown  by  meona  of  a  lens  on  the  alit 
dF  the  spectroscope,  the  phenomena  observed  were  found  to  vary  with 
the  composition  cj  the  alloys ;  and  further,  by  arranging  them  tc^;ether 
with  known  check-pieces  on  a  suitable  stand,  and  bringing  them  in  turn 
onder  tlie  fixed  electrode,  the  composition  of  the  unknown  alloys  was  de- 
termined by  comparison  with  the  known  check-pteces. 

The  shape  of  the  electrode  ultimately  adopted  was  that  represented 
in  the  sketoh ;  and  these  pieces  were  held  in  their  places   |  ~ 
by  suitriile  metallic  dips.    Special  attention  was  then 
directed  to  the  adjuitment  of  the  length  of  the  spark,   I 
which  was  found  to  materially  influence  the  phenomena. 
The  method  adopted  consisted  in  placing  the  variable  ] 

electrode  in  the  field  of  a  fixed  microscope  having  a  1 

8-  or  4r-inch  objective,  and  adjusting  the  summit  of  this  electrode  to 
ccnndde  with  the  spider-lines  of  the  eyepiece. 

After  a  series  of  experiments  on  alloys  of  lanc  and  cadmium  of  various 
compositions,  the  results  of  which  were  shown  on  a  curve,  more  extended 
trials  were  made  with  the  gold-copper  aUoy  employed  in  coinage,  which 
was  peculiarly  suited  to  these  researches  in  consequenoe  of  the  known 
method  of  asUy  having  been  brought  to  so  high  a  state  of  perfection  (the 
composition  b^ng  determined  with  accuracy  to  the  ^^  part  of  the  original 
assay-pieoe  of  about  7  grains),  and  &om  the  fact  that  reliance  can  be 
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placed  on  its  homogeneity.  The  paper  is  accompanied  by  a  series  of  four 
curves,  which  show  the  results  of  experiments,  and  in  which  the 
coordinates  are  given  by  the  ordinary  method  of  assay,  and  by  the  spec- 
troscopic readings. 

The  chief  practical  advantage  which  appeared  to  flow  from  this  inquiry 
was  that,  if  it  were  possible  to  replace  the  parting  assay  by  the  spectro- 
scopical  method,  a  great  saving  of  time  in  ascertaining  the  value  of  gold 
bullion  would  be  effected. 

III. ''  Researches  in  Spectrum- Analysis  in  connexion  with  the  Spec- 
trum of  the  Sun.'* — Part  III.  By  J.  Norman  Lockyer. 
Received  November  20,  1873. 

(Abstract.) 

• 

The  paper  commences  with  an  introduction,  in  which  the  general  line 
of  work  since  the  last  paper  is  indicated.  Roughly  speaking,  this  has 
been  to  ascertain  the  capabilities  of  the  new  method  in  a  quantitative 
direction.  It  is  stated  that  while  qualitative  spectrum-analysis  depends 
upon  the  positiotis  of  the  lines,  quantitative  spectrum-analysis  on  the 
other  hand  depends  not  on  position  but  on  the  length,  brightness,  and 
thickness  of  the  lines. 

The  necessity  of  maps  carefully  executed  and  showing  the  individu- 
ality of  each  line  is  shown  ;  and  it  is  stated  that  the  execution  of  these 
maps  required  the  use  of  the  electric  arc  to  render  the  vapours  of  the 
metals  incandescent.  A  battery  of  30  Grove's  cells  of  one  pint  capacity 
was  accordingly  employed  in  the  researches  about  to  be  described. 

The  difficulties  of  eye-observations  of  the  characters  of  the  lines 
compelled  the  application  of  photography,  another  reason  for  the  use  of 
which  existed  in  the  facility  it  afforded  for  confronting  spectra  with  each 
other,  and  so  eliminating  coincident  lines,  since  the  lines,  if  due  to  im- 
purities, would  be  longest  and  thickest  in  the  spectrum  to  which  they 
really  belonged. 

The  portion  of  the  spectrum  at  present  worked  upon  is  that  from  H 
toF. 

Another  branch  of  the  research  has  been  the  construction  of  a  Table  of 
all  the  named  Fraunhofer  lines,  showing  the  lengths  and  thicknesses  of  the 
metallic  lines  to  the  absorption  of  which  they  were  due ;  this  Table  enabled 
the  author  to  allocate  upwards  of  50  lines  in  the  solar  spectrum,  pre- 

o  

sumably  overlooked  by  Angstrom  and  Thaldn.  The  Table  was  intended 
as  a  preliminary  to  a  new  photographic  map  of  the  spectrum  from  H  to  F, 

*  o 

on  a  larger  scale  than  Angstrom's,  which  was  intended  to  clear  a'way  all 
the  difficulties  touching  coincidences — and  to  have  below  it  complete  maps 
of  all  the  solar  elements  with  their  long  and  short  lines.  This  map  is  in- 
complete at  present,  but  is  making  rapid  progress. 
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A  preliminary  search  for  elements  supposed  not  to  be  in  the  son  has 
also  been  c(»nmenced. 

Of  the  above-named  researches  the  subsequent  parts  of  the  paper 
refer  to : — 

L  The  experiments  made  on  a  possible  quantitatiye  spectrum-analysis. 

IL  The  method  of  photographing  spectra  adopted. 

m.  The  coincidences  of  spectrum  lines. 

lY .  The  preliminary  inquiry  into  the  existence  in  the  sun  of  elements 
not  preyiously  traced. 

I.  The  experiments  made  on  a  possible  quantitative  Speetrum-Anah/sis. 

After  the  two  former  papers  were  sent  in  to  the  Boyal  Society,  an  in- 
T66tigation  of  the  general  changes  undergone  by  spectra  giyen  by  alloys 
was  commenced. 

A  micrometer  eyepiece  was  mounted  on  the  observing-telescope  of 
the  spectroscope.    With  this  the  following  phenomena  were  observed : — 

L  The  lines  which  renuuned  varied  their  length  as  the  percentage  of 
the  elements  to  which  they  were  due  varied. 

n.  Some  of  the  lines  appreciably  varied  their  thickness  or  brightness, 
or  both,  in  the  same  way. 

m.  In  cases  where  the  brightness  of  a  line  was  estimated  through  a 
considerable  range  of  percentage  composition  by  comparison  with  an  air- 
line, the  air-line  was  observed  to  grow  faint  and  then  disappear  as  the 
brightness  of  the  metallic  lines  iQcreased. 

lY.  In  cases  where  the  brightness  or  thickness  of  the  line  of  one 
element  was  estimated  by  comparison  with  the  line  adjacent  of  the  other 
constituent  of  the  alloy,  the  point  of  equal  brightness  was  observed  to 
ascend  or  descend ;  this  method  was  used  to  avoid  the  uncertainty  of 
micrometric  measurements  of  the  tips  of  the  lines  in  consequence  of  their 
yariation  in  length  due  to  the  imequal  action  of  the  spark. 

y.  In  some  cases,  where  the  percentage  of  a  constituent  was  so  small 
that  none  of  its  lines  were  visible,  there  yet  seemed  to  be  an  effect  pro- 
duced on  the  vapour  of  the  opposite  pole. 

As  these  conclusions  were  derived  from  coarse  alloys,  and  it  was  desi- 
rable to  observe  the  effect  of  very  fine  gradation,  Mr.  G.  Fremantle,  the 
I>eputy  Master  of  the  Mint,  was  begged  to  allow  observations  to  be  made 
on  the  gold-copper  and  silver-copper  coinage  alloys ;  and  he  immediately 
responded  most  courteously  to  the  request. 

Examples  of  the  behaviour  of  some  coarse  alloys  of  silver  and  lead  are 
given ;  they  were  irregular  in  their  action ;  but  it  was  observed  that  silver 
lines  remained  in  the  alloy  as  long  as  from  '05  to  *02  per  cent,  of  silver 
was  present.  The  alloys,  however,  were  very  imequal.  Experiments  on 
cadmium  and  tin  alloys  are  described,  the  cadmium  forming  10,  5,  1-0, 
0*15  per  cent.  In  the  last  but  one  cadmium  line  was  permanent;  in  the 
first  at  least  five  were  seen.    In  an  alloy  of  0*099  per  cent,  of  cadmium 
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with  a  mixtoie  of  lead,  tin,  and  zinc  oonstitnting  the  rest  of  tiie  aUdj,  the 
behaviour  of  the  cadmium  lines  was  sensibly  the  same  as  in  a  mixture  of 
0*1  per  cent  of  cadmium  and  99*9  of  tin. 

In  the  Mint  specimens  the  same  phenomena  were  observed  enpetii  as 
the  coarser  alloys  showed  en  grand.  In  a  gold-copper  alloy  -n^^^  increase 
in  the  gold  made  the  lines  shorter,  and  a  similar  increase  in  t^e  copper 
made  them  longer. 

In  the  silYeiKK)pper  alloy  an  increase  of  jjftiif  ^  ^^^  silver  lengthened 
the  lines,  a  similar  increase  in  the  copper  shortened  them. 

These  phenomena  can  be  ezplauied  by  assuming  such  alloys  to  be 
different  physical  things,  and  that  the  spark  acts  upon  the  alloy  as  a 
whole  as  weU  as  upon  each  vigour  separately. 

Thus,  in  these  Mint  alloys,  copper  is  common  to  botii,  and  their  melt- 
ing-points are : — 

Gold....  1200°  (Pouillet). 

Copper. .  1200®  to  1000**,  the  precise  point  not  determined. 

SHver   . .  1000°  (Pouillet). 

The  intermediate  position  of  copper  explains  the  different  action  on 
its  lines  of  gold  and  silver. 

II.  The  Method  of  photographing  Spectra  adopted, 

A  camera  carrying  a  5  x  5-inch  plate  and  a  3-inch  lens  of  23  inches  focus, 
replaced  the  observing-telescope  of  the  spectroscope.  The  lens  focused 
from  3900  to  4500  very  fairly  upon  the  plate.  The  beam  passing  through 
collimator  and  prisms  was,  as  in  Mr.  Eutherford's  researches,  very  small. 
As  the  electric  arc  in  its  usual  vertical  position  gave  all  the  lines  from 
pole  to  pole,  the  lamp  was  placed  on  its  side,  and  the  arc  used  in  a  hori- 
zontal position,  the  slit  being  vertical.  The  dense  core  of  the  arc  then 
gave  all  the  short  lines  in  the  centre  of  the  field,  the  longer  ones  ex- 
tending beyond  them  on  either  side.  In  order  to  obtain  a  scale,  it  was 
resolved  to  photograph  the  solar  spectrum  immediately  adjacent  to  the 
metallic  spectrum  under  examination. 

To  effect  this  a  portion  of  the  slit  was  covered  up  while  the  solar 
spectrum  passed  through  the  free  part,  and  then  the  part  used  for  the 
solar  spectrum  was  covered,  while  the  formerly  covered  part  was  opened 
for  the  metallic  spectrum.  This  was  effected  by  a  shutter,  with  an 
opening  sliding  in  front  of  the  slit ;  a  diagram  of  its  action  and  form  is 
given. 

The  arrangement  of  the  spectroscope,  heliostat,  &c.  for  obtaining  the 
sun's  light  is  described.  The  image  of  the  sun  was  brought  to  a  focus 
between  the  poles  of  the  lamp  by  an  extra  lens  interposed  between  the 
lamp  and  the  heliostat. 

The  use  of  the  shutter  enables  us  to  compare  either  two  or  more 
spectra  upon  a  single  plate ;  or  the  solar  spectrum  may  be  compared  with 
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two  metallic  spectra,  being  mode  to  occupy  the  poeitioii  between  the 
two. 

IIL  On  the  Lines  coijieicUnt  in  different  Speeira. 

The  bearing  of  the  former  papers  on  the  lengths  of  the  linea  of  the 
elements  is  briefly  recapitulated. 

The  ezaminatiou  of  the  variouB  spectra  of  metals  and  alloys  indicated 
the  great  impurity  of  most  of  the  metals  used,  and  suggested  the  pOHsi- 
bility  of  the  coincidences  observed  by  Thal^n  and  others  being  explained 
in  the  light  of  former  work. 

It  is  observed  that  coincidences  are  particularly  numerous  in  the 
spectra  of  iron,  titanium,  and  calcium,  and  that  nearly  every  other  solar 
metallic  spectrum  has  one  or  more  lines  coincident  with  lines  of  the  last 
element.  These  coincident  lines  are,  as  a  rule,  very  variable  in  length  and 
intensity  in  various  specimene  of  the  metals  in  which  they  occur,  and  are 
sometimes  altogether  absent. 

One  of  the  longest  calcium  lines,  that  at  wave-length  4226-3,  is  also  seen 
in  the  strontium  spectrum  as  a  line  of  medium  length ;  and  4607*6,  a  very 
long  line  in  strontium,  appears  in  calcium  as  a  short  line.  Another  very 
long  strontium  line,  4215-3,  is  asserted  by  Thal^n  to  be  seen  in  calcium ; 
but  the  author  has  never  seen  it  till  lately,  and  then  only  tn  a  tpea^men  of 
eaicitttn  known  to  contain  etrontiwm. 

We  have  here,  then,  a  case  of  coincident  lines,  in  which  the  one  that 
ia  long  and  bright  in  one  spectrum  is  short  and  faint  in  the  other,  and  a 
case  of  a  line  said  to  be  coincident  in  two  spectra  being,  though  always 
visible  in  one,  sometimes  absent  in  the  other  of  them,  and  only  appear- 
ing in  it  when  the  two  substances  were  mixed.  The  hypothesis  of  im- 
pnrity  at  once  explains  the  whole  case,  even  without  the  third  line,  which 
renders  the  fact  of  mixture  certain. 

The  longest  lines  of  calcium  occur  in  iron,  cobalt,  nickel,  barium,  stron- 
tium, &c.;  and  the  longest  lines  of  iron  occur  in  calcium,  strontium,  ba- 
rium, and  other  metals. 

Ot^r  cases  are  adduced ;  and  the  following  general  statements  are 
hazarded,  with  a  premise  that  further  inquiry  may  modify  them. 

1.  If  the  coincident  lines  of  the  metals  be  considered,  those  cases  are 
rare  in  which  the  lines  are  of  the  first  order  of  length  in  all  the  spectra 
to  which  they  are  common :  those  cases  are  much  more  frequeat  in  which 
they  are  long  in  one  spectrum  and  shorter  in  the  others. 

2.  As  a  rule,  in  the  instances  of  those  lines  of  iron,  cobalt,  nickel, 
diromium,  and  manganese  which  are  coincident  with  lines  of  calcium, 
the  calcium  lines  are  long,  while  the  lines  as  they  appear  in  the  spectn 
of  the  other  metals  are  shorter  than  the  longest  lines  of  those  metals. 
Hence  we  are  justified  in  assuming  that  short  lines  of  iron,  cobalt,  nickel, 
chromium,  and  manganese,  coincident  with  long  and  strong  lines  of  cal- 
cium, are  really  due  to  traces  of  the  latter  metal  occurring  in  the  former 
aa  an  impurity. 

VOL.  XXI.  2  ■ 
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3.  In  cases  of  coincidences  of  lines  found  between  yarious  spectra  the 
line  may  be  fairly  assumed  to  belong  to  that  one  in  which  it  is  longest 
and  brightest. 

A  description  of  some  photographs  of  spectra  is  then  given,  a  photo- 
graph of  the .  coincident  lines  of  calcium  and  strontium  being  amongst 
them,  and  proving  that  strontium  occurs  in  the  sun ;  and  the  section 
concludes  with  a  brief  description  of  the  method  employed  in  making  the 
new  map,  showing  lengths  and  thicknesses,  and  enumerating  coincident 
lines.  This  is  done  thus  :  papers  are  pasted  on  to  photographs  of  the 
solar  spectrum  on  glass ;  the  lengths  of  the  lines  of  the  metallic  spec- 
trum under  examination  (e.g.  that  of  iron)  are  marked  on  this  paper  in 
prolongation  of  the  solar  lines  to  which  they  correspond.  They  are  then 
copied  upon  a  map;  and  another  piece  of  paper  being  fixed  down,  another 
spectrum  is  proceeded  with  in  the  same  way. 

lY.  TJie  preliminary  inquiry  into  the  existence  of  elements  in  the  Sun  not 

previously  traced. 

The  previous  researches  having  shown  that  the  former  test  for  the 
presence  or  absence  of  a  metal  in  the  sim,  namely  the  presence  or  ab- 
sence of  its  brightest  or  strongest  lines  in  the  average  solar  spectrum,  was 
not  conclusive,  a  preliminary  search  for  other  metals  was  determined  on ; 
and  as  a  guide,  Mr.  R.  J.  Friswell  was  requested  to  prepare  two  lists, 
showing  broadly  the  chief  chemical  characteristics  of  the  elements  traced 
and  not  traced  in  the  sun. 

The  Tables  showed  that,  in  the  main,  those  metals  which  had  been  traced 
formed  stable  compounds  with  oxygen. 

The  author  therefore  determined  to  search  for  the  metals  which  formed 
strong  oxides,  but  which  had  not  yet  been  traced. 

The  result  up  to  the  present  time  has  been  that  strontium,  cadmium, 
lead,  cerium,  and  uranium  would  seem  with  considerable  probability  to 
exist  in  the  solar  reversing  layer.  Should  the  presence  of  cerium  and 
uranium  be  subsequently  confirmed,  th'e  whole  of  the  iron  group  of  metals 
will  thus  have  been  found  in  the  sun. 

Certain  metals  forming  unstable  oxides,  such  as  gold,  silver,  mercury, 
&c.  were  sought  for  and  not  found.  The  same  was  the  case  when  chlorine, 
bromine,  iodine,  &c.  were  sought  by  means  of  their  lines  produced  iii  tubes 
by  the  jar-spark.  These  elements  are  distinguishable  as  a  group  by 
forming  compounds  with  hydrogen. 

It  is  observed  that  certain  elementary  and  compound  gases  effect 
their  principal  absorption  on  the  most  refrangible  part  of  the  spectrum 
when  they  are  rare,  and  that  as  they  become  dense  the  absorption 
approaches  the  less-refrangible  end — that  the  spectra  of  compounds  are 
banded  or  columnar,  the  bands  or  columns  lying  at  the  red  end  of  the 
spectrum — that  the  absorption  spectra  of  chlorine,  iodine,  bromine,  Ac. 
are  coJumnar,  and  that  these  are  broken  up  by  the  spark  just  as  the  band 
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spectra  of  compounds  are  broken  up — and  that  it  is  probable  that  no 
compounds  exist  in  the  sun.    The  foUowing  facts,  gathered  from  the 
work  already  accomplished  by  Entherford  and  Secchi,  are  stated. 
There  are  three  classes  of  stars  : — 

1.  Those  like  Sirius,  the  brightest  (and  therefore  hottest  ?)  star  in  the 
northern  sky,  their  spectra  showing  only  hydrogen  lines  very  thick,  and 
metallic  lines  exceedingly  thin. 

2.  A  class  of  stars  with  a  spectrum  differing  only  in  degree  tnxn.  those 
of  the  class  of  Sirius ;  and  to  this  our  sun  belongs. 

3.  A  class  of  stars  with  columnar  or  banded  spectra  indicating  the 
formation  of  compounds. 

The  question  is  asked  whether  all  the  above  facts  cannot  be  grouped 
together  in  a  working  hypothesis,  which  assumes  that  in  the  reversing 
layers  of  the  sun  and  stars  various  degrees  of  *'  celestial  dissociation  " 
are  at  work  which  prevents  the  coming  together  of  the  atoms  which,  at 
the  temperature  of  the  earth,  and  at  all  artificial  temperatures  yet  attained 
here,  form  the  metals,  the  metalloids,  and  compoimds. 

In  other  words,  the  metalloids  are  regarded  as  quasi  compound  bodies 
when  in  the  state  in  which  we  know  them ;  and  it  is  supposed  that  in  the 
sun  the  temperature  is  too  great  to  permit  them  to  exist  in  that  state  in 
the  reversing  layer,  though  they  may  be  found  at  the  outer  portions  of 
the  chromosphere  or  in  the  corona. 

It  is  suggested  that,  if  this  hypothesis  should  gain  strength  from  sub- 
sequent work,  stony  meteorites  will  represent  the  third  class  of  metal- 
loidal  or  compound  stars,  and  iron  meteorites  the  other  or  metallic  stars. 

The  paper  concludes  as  follows  : — 

^*An  interesting  physical  speculation  connected  with  this  working 
hypothesis  is  the  effect  on  the  period  of  duration  of  a  star's  heat  which 
would  be  brought  about  by  assuming  that  the  original  atoms  of  which  a 
star  is  composed  are  possessed  of  the  increased  potential  energy  of 
combination  which  this  hypothesis  endows  them  with.  From  the  earliest 
phase  of  a  star's  life  the  dissipation  of  energy  would,  as  it  were,  bringf 
into  play  a  new  supply  of  heat,  and  so  prolong  the  star's  life. 

"  May  it  not  also  be,  if  chemists  take  up  this  question,  which  has 
arisen  from  the  spectroscopic  evidence  of  what  I  have  before  termed  the 
plasticity  of  the  molecules  of  the  metalloids  taken  as  a  whole,  that  much 
of  the  power  of  variation  which  is  at  present  accorded  to  metals  may  be 
traced  home  to  the  metalloids  ?  I  need  only  refer  to  the  fact  that,  so  far 
as  I  can  learn,  all  so-called  changes  of  atomicity  take  place  when  metal- 
loids are  involved,  and  not  when  the  metals  alone  are  in  question. 

"As  instances  of  these,  I  may  refer  to  the  triatomic  combinations 
formed  with  chlorine,  oxygen,  sulphur,  &c.  in  the  case  of  tetrad  or  hexad 
metals.  May  not  this  be  explained  by  the  plasticity  of  the  metalloids 
in  question  ? 

**  May  we  not  from  these  ideas  be  justified  in  defining  a  metal,  provi- 


614  Presents.  [Nov.  20, 

nonallj,  as  a  substance  the  absorption-spectrum  of  which  is  generally  the 
same  as  the  radiation  spectrum,  while  the  metalloids  are  substances  the 
absorption-spectrum  of  which,  generally,  is  not  the  same? 

*'  In  other  words,  in  passing  from  a  hot  to  a  comparatirely  cold  state, 
the  plasticity  of  these  latter  comes  into  play,  and  we  get  a  new  mole- 
cular arrangement.  Hence  are  we  not  justified  in  asking  whether  the 
change  from  oxygen  to  ozone  is  but  a  type  of  what  takes  place  in  all 
metaUoids  ?" 
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IIHTBD  BY  lATLOK  AMD  FBARCia, 

BBD  U0!<  CODKT,  FLIIT  STBIET. 


OBITUARY  NOTICES  OP  FELLOWS  DECEASED. 

William  Jobs  Macquors  Baiteiitx  was  bom  at  Edinburgh  on  tha 
5th  July,  1820.  He  was  the  bod  of  David  Bankiiie  (a  lieutenant  in  the 
Bifle  Brigade,  and  a  jounger  son  of  Macquom  Banbine,  of  Dmmdow,  of 
a  well-known  family  in  the  county  of  Ayr),  and  of  Barbara  Orahame,  one 
of  the  daught«r8  of  Archibald  Grahame,  of  Dalmamock,  a  banker  in 
Glasgow.  He  was  educated  partly  at  Ayr  Academy,  partly  at  the  High 
School  of  Glasgow,  from  which  he  went  to  the  University  of  Edinburgh ; 
but  he  derived  much  of  his  inatructdon  from  his  father,  and,  like  most 
men  who  have  made  any  real  mark  in  science,  he  owed  the  greater  part 
of  his  knowledge  to  his  own  energy  and  industry.  In  1836  he  received 
a  gold  medal  for  an  essay  on  the  TJndulatory  Theory  of  Light,  and  in 
1838  he  gained  an  extra  prize  for  his  essay  on  Methods  of  Phyucal 
Investigation.  Shortly  after  this  date  he  entered  upon  the  profession  of 
Civil  Engineering,  as  a  pupil  of  Sir  John  M'N'eill,  under  whose  direction 
he  was  employed  from  1839  to  1841  in  various  schemes  for  waterworks 
and  harbour-works  in  the  north  of  Ireland,  and  on  the  Dublin  and 
Drogheda  Rulway.  At  this  time  he  invented  a  method  of  setting  out 
curves  which  still  bears  his  name.  From  1844  to  1848  he  was  employed, 
under  Locke  and  Errington,  on  the  construction  of  the  Clydesdale 
Junction  Btulway,  and  subsequently  upon  various  schemes  promoted  by 
the  Caledonian  Bailway.  In  1845-46  he  was  engineer  of  the  proposed 
Edinbui^h  and  Leith  waterworks,  a  scheme  which  was  defeated  by  the 
rival  Edinburgh  Water  Company.  In  1852,  he  and  the  late  John 
Thompson  were  joint  engineers  of  the  well-known  works  by  which 
Glasgow  is  supplied  with  pure  water  from  Loch  Katrine.  In  November 
of  1855  he  was  appointed  Begius  Professor  of  Civil  Engineering  and 
Mechanics  in  the  University  of  Glasgow ;  he  retuned  this  chair  until 
his  death,  which  occurred  on  the  24th  December,  1872. 

It  is  difficult  to  determine  whether  Bankine  takes  his  highest  place  as 
an  original  investigator,  or  in  respect  of  his  great  succeas  in  digesting 
the  scientific  knowledge  of  himself  and  his  cont«mporarieB  into  a  form 
available  for  common  use.  His  works  have  the  very  rare  merit  of  being 
thorough,  both  in  a  sd^itific  and  in  a  practical  sense.  With  great 
originality  of  treatment,  and  frequently  of  research,  his  text-books 
exhaust  the  useful  theory  of  his  subjects,  and  his  results  are  always 
reduced  to  a  form  in  which  they  can  be  actually  used.  His  practice  as 
an  engineer  had  made  him  fully  alive  to  the  important  difference  between 
the  crude  results  of  theoretical  reasoning  fmm  prindples  and  the 
reduced  fonnuke  adapted  to  the  data  obtainable  from '  obaerration  or 
specification.  There  is  probably  no  scientific  writer  to  be  compared  with 
him  in  the  three  aspects  of  the  extent  covered  by  his  treatises — their 
scientific  accuracy  and  eshaustivenesB  and  th^  iininediat«  adaptation  to 
the  use  of  practical  men,  who  may  be  utterly  unable  to  follow  the 
reasoning  by  which  he  arrived  at  his  formuln.  There  are  persons  who 
think  that  the  path-finder  in  adence  is  of  a  higher  and  rarer  ordw  ''* 
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intelligence  than  the  road-maker.  There  are  those  who  think  otherwise ; 
who  consider  that  the  latter  frequently  displays  the  broader  and  more 
masculine  intellect.  However  this  may  be,  all  rational  men  agree  in 
awarding  the  highest  meed  of  praise  to  those  who  can  both  find  the  patii 
and  make  the  road, — who  can  say  to  the  little  children  of  sdenoe,  so  far 
can  you  follow  me — and  to  the  maturer  minds,  from  that  point  you  may 
extend  my  paths.     Of  these  men  was  Eankine. 

Bankine's  most  important  contributions  to  science  are  in  the  dynamical 
theory  of  heat,  in  the  theory  of  the  steam-engine,  in  that  of  waves  in 
liquids,  especially  of  sea-waves,  and  on  the  resistance  and  rolling  of 
ships.  He  was  among  the  earliest  students  in  this  country  who  were 
able  to  understand  what  was  meant  by  thermodynamics.  He  contributed 
largely  to  the  extension  and  settlement  of  the  theory,  and,  probably  to  a 
greater  extent  than  any  other  person,  to  its  reduction  to  rules  adapted 
to  the  practice  of  engineers;  indeed  he  may  be  considered  one  of  the 
founders  of  the  science.  In  the  study  of  waves  in  liquids,  he  and  Mr. 
William  Froude  appear  to  have  been  the  first  persons  who  successfully 
worked  out  a  possible  theory  of  waves  of  finite  displacement  in  the  sea  : 
all  the  previous  researches  were  either  incomplete  in  theory  or  limited 
to  infinitesimal  disturbance.  Bankine  and  Froude,  working  indepen* 
denily  of  one  another,  appear  to  have  been  the  first  to  arrive  at  a  defijiite 
demonstration  of  the  mechanical  possibility  of  the  trochoidal  wave. 
They  were  not  the  first  to  suggest  that  the  trochoid  was  the  clue  to  the 
geometry  of  the  sea^wave  :  G^erstner  and  Scott  Russell  had  already  done 
that ;  but  it  was  Froude,  in  the  *  Transactions  of  the  Institution  of 
Naval  Architects,'  and  Eankine,  in  the  'Transactions  of  the  Eoyal 
Society,'  who  first  gave  proof  that  it  complied  with  all  the  conditions  of 
fluid  motion,  except  that  of  the  absence  of  molecular  rotation. 

His  study  of  the  resistance  of  ships  appears  to  have  been  suggested  to 
him  by  an  application  addressed  to  him  and  to  Professor  (now  Sir 
William)  Thomson  by  his  friend  James  Eobert  Napier,  for  advice  as  to 
the  power  necessary  to  propel  vessels  of  any  form.  Professor  Thomson 
then  called  attention  to  the  defect  in  existing  theories,  with  reference 
to  the  resistance  of  water  to  a  ship's  progress,  from  not  taking  account  of 
the  viscosity  of  the  fluid.  Professor  Eankine  stated  that  if  the  re- 
sistance outside  a  ship  was  the  same  as  that  inside  a  water-pipe,  the 
power  required  to  propel  a  certaiu  vessel  would  be  so  and  so,  nftTning  a 
power  of  about  two  thirds  what  Mr.  Napier  had  estimated  to  be 
necessary.  Alluding  to  this.  Professor  Eankine  wrote,  in  August  1868, 
to  the  Philosophical  Magazine  (ser.  4,  vol.  xvi.  p.  238)  : — "  In  the  course 
of  last  year  there  were  communicated  to  me  in  confidence  the  results  of 
a  great  body  of  experiments  on  the  engine-power  required  to  propel 
steamships  of  various  sizes  and  figures  at  various  speeds.  From  those 
results  I  deduced  a  general  formula  for  the  resist^ce  of  ships  having 
such  figures  as  usually  occur  in  steamers,  which,  on  the  23rd  of  December^ 


1857, 1  communicated  to  the  owner  of  the  experimental  data;  and  he 
h&s  since  applied  it  to  practice  with  complete  BocceBS."  This  drcum- 
Btance  no  doubt  led  to  his  addressing  himself  to  the  theory  of  ships. 
With  thia  object  in  view,  he  inreatigated  the  form  and  mechanical  work 
both  of  sea-waves  and  of  waves  in  canals,  the  waves  which  accompany 
ships,  the  loBB  of  work  consequent  on  the  formation  of  divergent  waves, 
the  stream-hneB  or  lines  of  motion  of  water  flowing  past  a  ship,  the 
efiect  of  the  combined  oscillataon  o£  a  ship  and  a  wave,  the  steadying 
effect  of  keel-resistance,  and  many  other  important  points  of  the  hydraulics 
of  a  ship.  On  nearly  all  these  ptnnte  he  did  important  original  work, 
although  in  many  of  them  the  credit  must  be  shared  between  him  and 
others  who  were  working  abreast  of  him — notably  Sir  W.  Thomson  and 
Mr.  W.  Froude.  He  also  studied  &&  question  of  propulsion,  and  placed 
its  theory  on  a  sound  basis.  This  branch  of  knowledge  owes  more  to 
Bankine  than  to  any  other  writer. 

His  principal  published  works  are  his  '  Manual  of  Applied  Mechanics,' 
a  volume  of  about  640  pag^,  pubhshed  in  1858 ;  his  '  ManusJ  of  the 
Steam-Engine  and  other  Prime  Movers,'  a  volume  of  580  pages,  pub- 
lished in  1859;  his  'Manual  of  CivU  Engineering,'  a  volume  of  760 
pages,  puhhshed  in  1862 ;  his  '  Mannal  of  Machinery  and  MiUwork,'  a 
volume  of  580  pages,  published  in  1860 ;  and  his  book  of  '  Useful  £ulea 
and  Tables,' published  in  1866.  Besides  these,  he  was  the  corresponding 
editor  of,  and  principal  contributor  to,  the  great  work  of  '  Ship-building, 
Theoretical  and  Practical,'  bj  Watts,  Napier,  Barnes,  and  Bankine, 
published  in  1864-66.  All  these  treatises  have  the  great  merits  of  being 
exhaustive,  dropping  out  or  avoiding  no  part  of  their  subject,  of  bringing 
down  their  sdentific  information  close  upon  the  very  date  of  th^ 
publication,  and  of  having  all  their  reaolts  reduced  to  a  workable  form. 
When  it  is  added  that  they  are  terse  and  concise  almost  to  a  fault,  and 
that  they  cover  the  whole  of  the  ground  from  simple  addition  to  the  appli- 
cation of  elliptic  functions  in  pore  mathematics,  and  from  the  common 
lever  t«  the  ellipsoids  of  stress  and  of  rotation,  and  to  the  friction  of 
gases,  in  applied  mathematics,  some  idea  may  perhaps  be  formed  of  the 
immense  mass  of  knowledge  which  BanMne  succeeded  not  only  in  ac> 
quiring,  but  in  reducing  to  a  shape  available  in  the  every-day  work  of 
practical  men. 

As  an  instance  of  the  wide  generality  of  his  interest  in  scientific 
research,  may  be  mentioned  his  papers  in  the  'Engineer'  of  1869,  in 
which  he  expluned  the  curious  dynamical  theory  of  the  bicycle,  or  two- 
wheeled  velocipede,  which  had  just  then  come  into  general  ase.  These 
papers  are  stdU  the  most  complete  treatise  on  the  subject. 

The  jdnt  report  of  Professor  Bankine  and  Dr.  Stevenson  Macadam 
on  the  accident  which  t^wk  place  in  1872  at  the  Tradeston  Flonr-Milla, 
by  the  explosive  firing  of  air  charged  with  floor-dust,  is  also  a  most  re- 
markable proof  of  his  power  to  handle  work  of  a  nuscdlaneoos  character. 

In  the  '  Catalogue  of  Scieiitific  Papers,'  Cfonpiled  under  the  care  ot^JsK- 
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Boyal  Spdetj,  Bankine  is  credited  with  eightj  papers  down  to  the  year 
1865.  He  has  published  a  very  considerable  number  since  that  date. 
His  last,  and  one  of  his  most  important  contributions  to  the  Philo- 
sophical Transactions  is  that ''  On  the  Mathematical  Theory  of  Stream- 
lines," read  before  the  Eo3ral  Society  on  the  10th  February,  1870.  This 
paper  contains  a  remarkably  complete  investigation  of  the  lines  of  motion 
of  particles  of  liquid  in  flowing  past  certain  solid  bodies,  such  as  ships,  and 
of  the  mechanical  as  weU  as  the  geometrical  character  of  the  disturbance. 

It  is  satisfactory  to  reflect  that  his  labours  met  with  full  recognition 
during  his  lifetime  from  the  scientific  bodies  best  qualified  to  judge  of 
their  merits.  In  1849  he  was  elected  a  Fellow  of  the  Bojral  Society  of 
Edinburgh.  In  1850  he  acted  as  Secretary  to  Section  A  of  the  British 
Association,  which  then  met  at  Edinburgh.  In  1845  he  was  elected  a 
Member  of  the  Philosophical  Society  of  Glasgow,  and  in  1853  a  Fellow  of 
the  Eojral  Society  of  London.  In  1854  he  was  awarded  the  Keith 
Medal  of  the  Eoyal  Society  of  Edinburgh  for  researches  in  Thermo- 
dynamics. In  1855  he  was  appointed  one  of  the  Visitors  of  Edinburgh 
Observatory,  and  in  the  same  year  Begins  Professor  of  Civil  Engineer- 
ing and  Mechanics  in  the  University  of  G-lasgow.  He  was  also  President 
of  Section  G  of  the  British  Association  when  it  met  in  Glasgow  in  1855. 
In  1856  he  received  the  honorary  degree  of  LL.D.  of  Trinity  CoUege, 
Dublin.  In  1863  he  was  awarded  the  gold  medal  of  the  Institution  of 
Engineers  in  Scotland  for  a  paper  "  On  the  Liquefaction  of  Steam ;  '*  and 
in  the  same  year  he  was  President  of  Section  A  of  the  British  Association 
at  Newcastle-on-Tyne.  In  1867  he  was  again  President  of  Section  G  at 
Dundee.  In  December  1870  he  was  appointed  a  member  of  the  Admiralty 
Committee  on  Ships  of  War,  which  arose  out  of  the  loss  of  H.M.S.  *  Cap- 
tain,' and  he  contributed  largely  to  the  scientific  part  of  the  report. 

His  great  industry  and  success  in  the  field  of  science  were  never 
allowed  to  interfere  with  the  ordinary  duties  owing  to  society,  or  v^ith 
those  sacrifices  of  time  which  all  men  are  called  upon  to  make  for  the 
gratification  of  others.  Thoroughly  genial  in  company,  affectionate  and 
beloved  in  his  family  circle,  careful  and  yet  liberal  in  the  relations  of 
business,  amiable  and  even  in  temper,  it  was  as  great  a  pleasure  as  it  was 
an  honour  to  be  counted  among  his  friends.  He  has  not  unfrequently 
sung  a  song  of  his  own  writing  to  music  of  his  own  composing ;  and,  what 
is  more,  the  voice,  the  music,  and  the  words  were  all  worth  listening  to. 

His  illness  began  by  a  failing  of  the  eyesight,  which  was  at  first  sup- 
posed to  be  local,  but  which  afterwards  proved  to  be  but  a  symptom  of 
more  deeply  seated  disease.  Under  treatment,  he  recovered  from  a  severe 
attack  of  illness  in  October  1872,  and  up  to  within  five  days  of  his  death 
no  unfavourable  symptoms  occurred :  then  a  change  took  place ;  he 
rapidly  lost  the  power  of  speech,  and  the  sensibility  of  the  right  side. 
He  died  on  the  24th  December,  1872. 
He  was  never  married.  H\a  oT5\y>aTo>iVict  ^"fc^^V^k  he  was  yet  young, 
and  be  loat  his  father  and  \nft  moWiet  «k  ^«»x  at  \?wo\ife\aT^\s^Qr«xw\«*Xx, 


John  Bishop  waa  bom  on  the  ISth  September,  1797,  and  died  on  the 
29th  September,  1873.  He  was  the  fourth  son  of  Samoel  Bishop,  Esq., 
of  Pimpeme,  in  the  county  of  Dorset,  and  received  his  education  at  the 
Oramniar  School  of  Mi.  Longman  at  Childe  Okeford  in  the  same  county, 
where  he  remained  several  years.  He  was  originally  intended  for  the 
legal  profession ;  but  negotiations  for  this  object  having  been  broken  off 
through  some  misunderstanding  between  the  contracting  parties,  he  pur- 
sued for  some  time  the  idle  but  agreeable  life  of  a  country  gentleman,  and 
his  favourite  Seld  sporte,  hunting  and  shooting.  When  about  five  and 
twenty  years  of  age,  he  was  induced  by  his  cousin,  Mr,  John  Tucker,  a 
surgeon  of  Bridport,  to  enter  the  medical  profession ;  after  a  short  pre- 
liminary study  and  practice  at  Bridport,  he  came  to  London,  where  ho 
entered  at  St.  George's  Hospital  under  Sir  Everard  Home.  During  his 
student  days  he  attended  the  lectures  of  Sir  Charles  Beil,  then  in  his  ceuith, 
of  Mr.  Ghithrie,  Dr.  George  Pearson,  and  the  Chemical  Courses  at  the 
BoyaJ  Institution.  In  1824  he  obtained  the  diploma  of  the  Boyal  College 
of  Surgeons,  and  in  1861  was  elected  a  Member  of  tiie  Council  of  the 
Collie,  where  he  retained  a  seat  for  nearly  twelve  years.  In  1844,  having 
previously  pubUshed  a  paper  in  the  Philosophical  Transactions  on  the 
Physiolc^  of  tiie  Human  Voice,  he  was  elected  a  Fellow  of  the  Boyal 
Society,  and  a  CoTTeeponding  Member  of  the  Medical  Societaes  of  Berlin 
and  Madrid.  About  this  time  he  also  obtuued  from  the  Boyal  Academy 
of  Sdences,  Paris,  two  prices  for  memoirs  on  the  Human  and  Comparative 
Anatomy  and  Physiolc^  of  Vcoce.  He  contributed  to  Todd's '  Cyclopedia ' 
the  articles  "  lArynr,"  "  Motion,"  and  "  Voice,"  and  was  the  author  of 
works  on  Distortions  of  the  Human  Body,  on  Impedimenta  of 
Speech,  and  on  Hearing  and  Speaking  Instruments.  These  works, 
together  with  Beveial  minor  contrihutionB  to  medical  literature,  gained  for 
Mr.  Bishop  the  well-reserved  reputation  of  a  careful  and  skilful  observer, 
and  are  remarkable  for  the-evident  piuns  taken  by  the  author  to  eiunine 
and  do  justice  to  whatever  had  been  written  by  others  upon  the  subject 
he  had  under  consideration,  and,  where  practicable,  to  prove  by  mathe- 
matical demonstration  every  theory  he  himself  advanced. 

During  his  career  Mr.  Bishop  held  the  offices  of  Senior  Surgeon  to  the 
Islington  Dispensary,  Surgeon  to  the  Iforthem  Dispensary,  to  the  St. 
Pancras  Dispensary,  and  to  the  Drapers'  Benevolent  Institution.  In  1852 
he  was  elected  President  of  the  Medical  Society  of  London,  and  held  the 
offices  of  Trustee,  Councillor,  Orator,  and  Lettsomian  Lecturer  to  the 
Sodety.  He  was  also  for  many  years,  and  at  the  time  of  his  death,  one 
of  the  managers  of  the  Bussell  Institution.  He  waa  a  man  of  considerable 
energy  of  character ;  and  although  undemonstrative  in  his  manner,  entered 
zealously  into  any  business  he  undertook,  and  exercised  great  personal 
influence  upon  his  colleagues.  His  judgments,  deUberately  formed  and 
carefully  expressed,  carried  considerable  weight  with  them,  and  influenced. 


the  deuisiou  of  numy  a  council  meeting.  He  bad  the  tact  at  apipouag 
without  irritating ;  and  even  those  to  whom  aa  queBtiaiu  of  piddic  bnnnees 
bemi^t  find  himself  opposed,  were  erer  ready  todojostioetotiiehoiiee^ 
of  purpose  and  singleness  erf  aim  by  which  he  was  actuated.  Of  many 
uid  varied  attainments,  an  etnhuaiaBtic  admirer  of  music  and  of  art,  oon- 
venant  with  oontinentd  as  with  "K"g1i«h  Uteratuie,  he  contanoed  until 
within  a  tew  months  trf  his  death  to  take  an  actiTB  interest  in  all  the  dia- 
ooveries  and  aehierements  of  modem  adence.  The  philosophical  trias 
given  to  his  mind  by  the  eloqaent  teachings  of  Sir  Charlea  Bell  remuned 
with  him  to  the  last,  and  was  muu£eBted  both  in  his  writangs  and  in  hia 
conrersation. 

Full  of  yean,  tended  by  those  he  loved,  oonacious  of  having  gained  and 
maintained  to  the  last  an  honourable  if  not  ili«riiigni«lwi<  reputaticn,  at 
Strtmgeways-Uarshall,  Dorset,  within  a  few  milee  of  bis  tnrthplaoe,  ttus 
estimable  Ufe  drew  to  a  close.  It  is  no  exaggeration  to  isy  that  by  all 
who  were  acquainted  with  him  Mr.  Bishop  was  respected  and  esteemed ; 
but  only  those  who  knew  him  intimately  caa  bear  full  testimony  to  the 
kindly  feeling  and  genial  worth  that  preeminmtly  characteiizad  the  subject 
of  Ibis  imperfect  mem«r. 

Baldwin  Fbakcis  Dvpsa.  was  the  eldest  ion  of  Baldwin  Francis 
Duppa,  B,A.  (OzoQ.),  and  Barriste^^t-law.  His  parents  spent  the  first 
few  years  of  their  married  life  abroad ;  and  theiretdest  son  and  first  child 
was  bom,  February  18, 1828,  at  Bouen  in  Normandy.  His  early  taste  tor 
experimental  investigation  involved  young  Buppa  in  a  moat  disastrous 
accident ;  for  when  he  was  only  seven  years  old  he  poured  the  contents 
of  a  powder-flask  into  the  fire,  causing  an  explosion  which  shattered  his 
band,  blinded  him  for  some  time,  and  deprived  him  of  the  use  of  a  thumb 
for  life. 

Ho  received  bis  early  education  at  the  celebrated  school  of  M.  de  Fellen- 
berg  at  Hofwyl  near  Beme,  where  he  was  the  intimate  companion  of  Henri 
the  grandson  of  Se  Saussure.  Here  he  acquired  a  good  knowledge  of 
French,  German,  and  Swiaa-German,  and  spoke  the  first  two  languages 
at  that  time  so  well  that  in  returning  from  Switzerland  he  was  twice 
token  for  a  runaway  from  school  (once  for  a  French  boy  and  once  for  a 
German),  and  had  some  trouble  to  persuade  the  diligence  officials  to  let 
him  pass.  To  these  languages  he  subsequently  added  Italian  and  Arabic. 
It  was  one  of  the  features  at  Hofwyl  that  each  boy  should  learn  some 
useful  trade  during  play  hours ;  and  young  Duppa  took  up  carpenteririg, 
becoming  very  expert  in  the  making  of  ornamental  boxes  and  other  small 
articles.  To  this  early  development  of  mechanicftl  skill  was  doubtless 
due  some  of  that  extraordinary  manipulative  power  and  fertility  of  in- 
vention which  afterwards  characterized  his  laboratory  work.  Quickly 
seizing  upon  the  essential  conditions  for  the  performance  of  a  given 
chemical  operation,  the  prompt  construction  of  the  necessary  apparatus, 


out  of  any  materials  which  happened  to  be  at  hand,  seemed  to  coet  him 
no  trouble  :  ghuB,  wood,  and  metal  were  all  alike  made  to  obey  his  hand  ; 
and  the  suggestion  of  an  experiment,  chemical  or  physical,  had  not  usually 
to  wait  many  hours  for  its  realization. 

Duppa  retuued  to  the  last  a  great  affection  for  this  school,  often 
speaking  of  the  happiness  of  the  life  he  led  there  and  of  the  excellency 
of  the  training,  in  the  highest  terms,  and  contrasting  it  with  an  English 
school  to  which  he  was  afterwards  sent,  where  he  was  very  unhappy  and 
leamt  nothing.  At  Hofwyl  there  were  no  rewards  and  no  punishments 
strictly  so  called,  and  the  pupils  were  encouraged  to  cultivate  habits  of 
observation. 

When  only  twelve  years  old  he  lost  his  father,  who  died  at  the  early 
age  of  thirty-seven.  He  was  now  removed  from  the  Swiss  school  after 
spending  only  three  years  there ;  nevertheless  he  always  contended  that 
he  received  his  education  at  Hctfwyl.  After  leaving  the  English  school 
he  had  some  private  tuition,  and  then  proceeded  to  Cambridge,  where 
he  made  the  acquaintance  of  Prof.  W.  Uallowes  Miller,  for  whom 
he  ever  afterwards  retained  a  warm  regard.  He  left  Cambridge  with- 
out taking  a  degree,  and  began  t«  read  for  the  bar ;  but  finding  the 
sedentary  work  utterly  repugnant  to  his  tastes,  he  abandoned  it  and 
went  to  Italy  for  three  years  to  recruit  his  health,  which  was,  even  at 
this  time,  by  no  means  strong.  Here  he  turned  to  account  the  know- 
ledge of  mineralogy  which  he  had  acquired  at  Cambridge,  and  made  a 
small  collection  of  rare  and  interesting  minerals.  Betuming  from  Italy 
in  the  year  1854,  he  determined  to  devote  himself  to  the  study  of 
Chemiatry.  With  this  view  he  entered  the  Boyal  College  of  Chemistry 
as  a  pupil  of  Dr.  Hofmann  in  the  autimin  of  1955.  We  find  him  in 
1857  engaged  upon  his  first  original  investigatioD  on  the  action  of  sul- 
phuric acid  upon  salicylicarid,  by  which  he  obtained  sulphosxJicylic  acid*. 
He  afterwards  prepared  and  investigated  bromide  of  titanium.  On 
leaving  the  College  of  Chemiatry  he  fitted  up  a  laboratory  in  his  country 
seat  at  Hollingboume  near  Maidstone,  where,  in  conjunction  with 
Mr.  W.  H.  Perkin,  he  commenced  a  series  of  most  interesting  and  im- 
portant investigations  on  the  subatitution  products  of  acetic,  malic,  and 
succinic  acids,  which  culminated  in  one  of  the  greatest  achievements  of 
synthetical  chemistry — the  artificial  production  of  tartaric  acid.  These 
researches  are  described  in  seven  memoirs  published  in  the  Philosophical 
Magazine  and  the  Journal  of  the  Chemical  Societyt. 

Finding  his  residence  at  Hollingboume  severed  him  almost  entirely 
from  scientific  associates,  he  abandoned  his  private  laboistory,  came 
in  1860  to  reaide  in  London,  and  worked  for  some  months  in  the 
laboratory  of  Dr.  Frankland  at  St.  Bartholomew's  Hospital.    Here  he 

*  Jsbresbericlit  dcr  Chemie,  1S57,  p.  322. 

t  Phil.  Mag.  (4)iif.2I7;  Quarterly  Journal  otChem.  Soc.xi.22;  Pbil.Mag.(4> 
wii, 280 ;  PhiL  Mag.  (4) iTiii.  54 ;  Quarterly  Journ.  ol  Chem.  Soc. liii  l,1.,»sA,\«l.. 


devoted  hinuelf  in  the  flnt  instance  to  a  ttadj  of  tiie  modem  ddicate 
metboda  ot  gBB-an&lyns.  Orer  these  hig  gnat  manipolatire  "Ull  soon 
gare  him  the  complete  muter;.  At  Hut  time  fiankland  wm  enpiged 
n  Hm  inreatigadon  of  ttie  action  of  sinoetlif  1  npcm  bcwic  etiif  late ;  and  in 
this  reMonJi  Dnpps  eagerly  jcnned.  The  first  results  wots  reoorded  in 
a  joint  paper  communicated  te  the  Boyal  Sodet^  in  Jnly  1860*.  In 
this  paper,  the  discorery  of  boric  ethide,  boric  eAo^dietii^te,  and  b(»ie 
rtbo-dibydrate  was  annoonced,  and  the  chirf  properties  of  tboae  bodiee 
described.  The  materials  for  this  paper  had  scarcely  been  obtained, 
when  Dnppa's  health  became  so  seriously  impaired  that  he  was  obliged 
to  leave  England  and  spend  a  couple  of  yean  in  Italy  and  Algeria, 
whence  he  returned  in  1863  and  rejdned  Frankland,  who  had,  in  the 
mean  time,  been  translated  to  the  l^mratory  of  the  Boyal  InstitntioD. 
Here,  in  the  quiet  of  a  gloomy  room  in  the  basement,  ibe  two  chemists, 
free  from  the  wearing  duties  of  teaching  the  elements  of  the  science, 
devoted  thenuelTes  heart  and  soul  to  original  research ;  the  inventive  and 
constructive  skill  of  Duppa,  aided  by  the  Ubenlity  of  the  Managers  of 
the  Institution,  soon  transformed  this  gloomy  cell  into  a  laboratory 
which  might  be  fairly  regarded  as  a  model  of  convenience  for  the  class 
of  work  carried  on  in  it.  At  first  the  neighbours  were  loud  in  their 
complaints  of  bad  odours ;  but  it  was  discovered  that  these  could  be 
obviated  by  securely  closing  the  windows  of  the  laboratory,  which 
was  done.  The  atmosphere  inside  was  thus  rendered  anything  but 
agreeable ;  it  was,  indeed,  sometimea  so  highly  charged  with  vapours  as 
almost  to  prevent  the  eye  from  penetrating  from  one  side  of  the  room  (o 
the  other :  but  this  was  not  found  to  be  an  unmitigated  evil ;  it  e&ctu- 
ally  prevented  those  interruptions  to  work  which  are  so  common  in 
Ltmdon ;  for  no  non-worker  could  bear  in  the  room  more  than  a  few 
minutes,  and  rarely  visited  it  a  second  time.  One  visitor  nearly  fainted, 
and  had  to  be  quickly  removed  to  fresh  air  to  revive  him.  Thanks  to  the 
Boyal  Institution  Research  Fund,  and  to  the  Government  Grant  admi- 
nistered by  the  Boyal  Society,  the  means  for  the  purchase  of  apparatus 
and  chemicals  wero  never  wanting. 

From  this  laboratory  there  issued  in  three  years  no  less  than  fourteen 
papers,  of  which  Duppa  was  the  joint  author,  descriptive  of  original  re- 
searches, and  published  in  the  Philosophical  TransactionB,  the  Pro- 
ceedings of  the  Boyal  Society,  and  the  Chemical  Society's  Journal. 

These  researchoB  related,  first,  to  the  synthetical  genesis  of  adds  of 
the  lactic,  acetic,  and  acrylic  series  ;  secondly,  to  the  production  of  com- 
poun<ls  of  mercury  with  the  organic  radicals  methyl,  ethyl,  and  amyl ; 
thirdly,  to  the  s3mtheticAl  formation  of  ketones ;  and  fourthly,  to  the 
transformation  of  organo-mercury  compounds  into  organo^inc  com- 
pounds. The  records  of  these  resenrchoa  constitute  the  best  testimony 
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to  the  enthuBisstic  zeal  with  which  Mr.  Duppa  prosecuted  chemical  in- 
vestigation during  these  years. 

lo  1867  Dr.  Erankland  resigned  his  professorship  at  the  Boyot 
Institution ;  and  Mr.  Dappa  accompanied  him  ta  the  private  htboratory  at 
the  Government  College  of  Chemistry,  which  was  then  in  ita  old  quarters  in 
Oxford  Street ;  but  the  me^re  resources  of  this  laboratory  could  not, 
even  in  his  hands,  be  turned  to  account  for  the  prosecution  of  these  in- 
veatigatioQS,  and  the  work  had  to  be  abandoned  in  despair ;  or  rather 
it  was  postponed  in  anticipation  of  the  completion  of  the  new  laboratories 
at  South  Kensington,  which  had  been  promised  from  year  to  year.  At 
length,  early  in  the  present  year,  the  new  research  laboratory  was  par- 
tially completed,  and  Suppa,  all  eagerness  to  recommence  the  work  so  long 
In  abeyauL-e,  took  a  house  in  London,  solely  to  enable  him  to  prosecute 
his  chemical  labours.  Alas !  it  was  too  late.  Before  he  could  again  . 
resume  that  which  always  afforded  him  so  much  pure  pleasure,  he  was 
attacked  by  the  malady  which  prematurely  cut  short  his  useful  life. 
He  died  of  consumption  at  Budleigh-Salterton,  Devonshire,  on  the  10th 
of  November,  aged  forty-five  years,  retaining  bis  interest  in  experimental 
science  to  the  last.  A  few  hours  before  his  death  he  dictated  a  long 
letter,  accompanied  by  a  diagram,  to  Professor  Tyndall  on  a  curious 
optical  phenomenon  which  he  had  recently  observed. 

Mr.  Duppa  was  elected  a  Fellow  of  the  fioyal  Society  in  1867.  He 
married  in  1869  Adeline  Frances  Mary  Dart,  the  only  surviving  child  of 
J.H.Dart,EBq.,Barrister-at-Law,  of  Beech  House  near  Bisgwood,  Hants. 
He  leaves  a  widow  and  one  child.  He  was  a  warm-hearted  and  faithful 
friend,  and,  as  n  landowner  and  Justice  of  the  Peace  in  Kent,  he 
was  well  known  and  much  esteemed.  Win  devotion  to  science  did  not 
(irevent  his  taking  a  deep  interest  in  art.  He  was  a  painter  of  no  in- 
I'uiisiderable  ability ;  and  from  his  frequent  wanderings  in  search  of 
beulth  iu  France,  Spain,  Switserland,  Italy,  Algeria,  and  Madeira  he 
always  brought  home  his  portfolio  well  filled  with  beautiful  and  in- 
teresting sketches,  in  which  he  sometimes  embodied  the  effects  of  ancient 
and  modem  volcanic  and  glacial  action  with  great  vividness  and  truth. 

Having  a  small  private  fortune,  he  never  applied  for  nor  held  any 
scientific  appointment.  He  always  entertained  a  disiuclination  to 
lecturing  and  public  speaking.  Had  this  been  otherwise,  be  could  scarcely 
liave  failed  to  make  his  mark  as.  a  lecturer  on  his  favourite  science  ;  for 
iti  conversation  he  had  few  rivals  in  popular  scientific  exposition,  and  in 
the  laboratory  perhaps  none  in  devising  appropriate  experimental  illus- 
trations of  chemical  phenomena.  He  was  one  of  that  small  buid  o£ 
enthusiastic  and  disinterested  amateur  labourers  who  have  performed  so 
large  a  proportion  of  the  original  scientific  work  of  this  country,  and  of 
whom  England  may  justly  feel  proud. 
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